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(54) Olefin thermoplastic elastomer compositions 

(57) An olefin thermoplastic elastomer composition 
comprising 10 to less than 60 parts by weight of a crys- 
talline polyolef in resin (A) and 90 to more than 40 parts 
by weight of an ethylene/a-olefin/honconjugated poly- 
ene copolymer rubber (B), the total amount of compo- 
nents (A) and (B) being 100 parts by weight, said rubber 
(B) being obtainable by random copolymerization of 
ethylene, an a-olefin having 3 to 20 carbon atoms and a 
nonconjugated polyene in the presence of a metal- 
locene catalyst and having: 



(1) a molar ratio of (a) units derived from ethylene to 
(b) units derived from the a-olefin having 3 to 20 

CM carbon atoms of 40 :60 to 95:5 ((a) :(b)) ; 

^ (2) an iodine value of 1 to 50; and 

(3) an intrinsic viscosity On), as measured in decalin 

CO at 135°, of 0.1 dl/g to 10 dl/g. 

CO 

CD 



GL 

LU 

Primed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



BNSDOCID: <EP 1016889A2J_> 



EP1 016 689 A2 



Description 

FIELD OF THE INVENTION 

[0001 ] The present invention relates to olefin thermoplastic elastomers, and more particularly to olefin thermoplas- 
tic elastomer compositions capable of providing molded products having excellent tensile strength, elongation at break 
and elastomeric properties. 

PAGKQRQUNP QF THE INVENTION 

[0002] Olefin thermoplastic elastomers have been widely used as elastomers of energy conservation type or 
resource conservation type, particularly as substituents for vulcanized rii±>ers, in the fields of, for example, automobile 
parts, industrial machine parts, electric or electronic parts and building materials. 

[0003] The olefin thermoplastic elastomers can be divided into those in the crosslinked form and those in the non- 
crosslinked form. The non-crosslinked thermoplastic elastomers show small variability of quality and are available at 
low production cost because they need no crosslinking reaction in the preparation thereof. However, the crosslinked 
olefin thermoplastic elastomers are superior to the non-crosslinked thermoplastic elastomers in various properties such 
as tensile strength, elongation at break, elastomeric properties (e.g., elongation set, permanent compression set) and 
heat resistance. This is well known as described in detail in "Rubber Chemistry and Technology", vol. 53 (1980), p. 141 , 
by A.Y Coran et al. 

[0004] The non-crosslinked or partially crosslinked olefin thermoplastic elastomers are described in, for example. 
Japanese Patent Publications No. 21021/1978, No. 18448/1980, No. 15741/1981, No. 15742/1981. No. 46138/1983. 
No. 56575/1983. No. 30376/1984 and No. 59139/1987. 

[0005] As described above, the olefin thermoplastic elastomers include the non-crosslinked thermoplastic elastom- 
ers and the crosslinked thermoplastic elastomers, and the non-crosslinked thermoplastic elastomers are inferior to the 
conventionally known crosslinked thermoplastic elastomers in the tensile strength, elongation at break, elastomeric 
properties (e.g., elongation set, permanent compression set), heat resistance and low-temperature properties of the 
molded products thereof, while the crosslinked thermoplastic elastomers are inferior to the conventionally known vul- 
canized rubbers in the low-temperature properties, tensile strength, elongation at break and elastomeric properties of 
the molded products thereof. Further, both the non-crosslinked and crosslinked thermoplastic elastomers are superior 
to the conventionally known vulcanized rubbers such as those of natural rubber. EPDM, SBR. NBR and CR in the proc- 
essability and cost but inferior in the tensile properties such as tensile strength and elongation at break. 
[0006] Accordingly, now desired are development of non-crosslinked thermoplastic elastomer compositions capa- 
ble of providing molded products having more excellent tensile strength, elongation at break, elastomeric properties 
(e.g., elongation set, permanent compression set), heat resistance and low-temperature properties than the conven- 
tionally known non-crosslinked thermoplastic elastomers and development of crosslinked thermoplastic elastomer 
compositions capable of providing molded products having more excellent low-temperature properties, tensile strength, 
elongation at break and elastomeric properties than the conventional ly known vulcanized rubbers. 
[0007] Also desired is development of olefin thermoplastic elastomer compositions capable of providing molded 
products having more excellent tensile properties such as tensile strength and elongation at break than the convention- 
ally known vulcanized rubbers. 

OBJECT QF THE INVENTION 

[0008] It is, therefore, an object of the present invention to provide an olefin thermoplastic elastomer composition 
which can provide molded products of excellent tensile strength, elongation at break, elastomeric properties, heat 
resistance and low-temperature properties even when it is in the non-crosslinked form, and which can provide molded 
products of more excellent low-temperature properties, tensile strength, elongation at break and elastomeric properties 
than the conventionally known vulcanized rubbers when it is in the crosslinked form. 

[0009] It is another object of the invention to provide a partially or completely crosslinked olefin thermoplastic elas- 
tomer composition capable of providing molded products having such excellent properties as mentioned above. 
[0010] It is a further object of the invention to provide a partially or completely crosslinked olefin thermoplastic elas- 
tomer composition capable of providing molded products having more excellent tensile properties such as tensile 
strength and elongation at break than the conventionally known vulcanized rubbers. 

SUMMARY OF THE INVENTION 

[0011] The olefin thermoplastic elastomer composition of the invention is a thermoplastic elastomer composition 
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comprising a crystalline polyolefin resin (A) in an amount of not less than 10 parts by weight and less than 60 parts by 
weight and an ethylene/a-olef in/nonconjugated polyene copolymer rubber (B) which comprises ethylene, an a -olefin of 
3 to 20 carbon atoms and a nonconjugated polyene in an amount of not more than 90 parts by weight and more than 
40 parts by weight, the total amount of said components (A) and (B) being 100 parts by weight, 
5 wherein the ethylene/a-olefin/nonconjugated polyene copolymer rubber (B) is obtained by random copolymeriz- 

ing ethylene, an a-olefin of 3 to 20 carbon atoms and a nonconjugated polyene in the presence of a metallocene cata- 
lyst and has the following properties: 

(1) said copolymer rubber contains (a) units derived from ethylene and (b) units derived from the a-olefin of 3 to 20 
io carbon atoms in a molar ratio of 40/60 to 95/5 ((a)/(b)); 

(2) the iodine value is in the range of 1 to 50; and 

(3) the intrinsic viscosity (r\), as measured in decalin at 135 °C, is in the range of 0.1 dl/g to 10 dl/g. 

[001 2] Preferred embodiments of this thermoplastic elastomer composition are the following compositions (1 ) and 
is (2). 

[0013] The olefin thermoplastic elastomer composition (1) is a thermoplastic elastomer composition comprising a 
crystalline polyolefin resin (A) in an amount of not less than 1 0 parts by weight and less than 60 parts by weight and an 
ethylene/a-olefin/nonconjugated polyene copolymer rubber (B) which comprises ethylene, an a-olefin erf 3 to 20 carbon 
atoms and a nonconjugated polyene in an amount of not more than 90 parts by weight and more than 40 parts by 
20 weight, the total amount of said components (A) and (B) being 1 00 parts by weight, 

wherein the ethylene/a-olef in/nonconjugated polyene copolymer rubber (B) is obtained by random copolymeriz- 
ing ethylene, an a-olefin of 3 to 20 carbon atoms and a nonconjugated polyene in the presence of a metallocene cata- 
lyst and has the following properties: 

25 (1) said copolymer rubber contains (a) units derived from ethylene and (b) units derived from the a-olefin of 3 to 20 
carbon atoms an a molar ratio of 40/60 to 95/5 ((a)/(b)); 

(2) the iodine value is in the range of 1 to 50; 

(3) the intrinsic viscosity {r\), as measured in decalin at 135 °C, is in the range of 0.1 dl/g to 10 dl/g, and 

(4) the ratio gV of the intrinsic viscosity fa) of said copolymer rubber (B) determined In the property (3) to the intrin- 
30 sic viscosity fa)biank of a ,inear ethylene-propylene copolymer having the same weight-average molecular weight 

(measured by a light scattering method) as the copolymer rubber (B) and having an ethylene content of 70 % by 

mol, (nVfaWik, js more tnan °' 95 - 

The ethylene/a-olefin/nonconjugated polyene copolymer rubber (B) for constituting the thermoplastic elas- 
tomer composition (1) preferably further has, in addition to the above properties (1 ) to (4), the following properties: 
35 (5) the intensity ratio D of Tap to Taa in the 13 C-NMR 6pectrum, Tap/Taa, is not more than 0.5; 

(6) the B value, as determined by the 1 3 C-NMR spectrum and the following equation, is in the range of 1 .00 to 1 .50, 

B value = (P 0E )/(2.(P E )-(P 0 )) 

40 wherein (Pg) is a molar fraction of the units derived from ethylene (a) in the copolymer rubber (B), (P c ) is a molar 
fraction of the units derived from the a-olefin (b) in the copolymer rubber (B), and (Pqe) is a proportion of the 
number of the a-olefin/ethylene sequences to the number of all the dyad sequences in the copolymer rubber (B); 
and 

(7) the glass transition temperature (Tg), as measured by DSC, is not higher than -50 P C. 

45 

[0014] The olefin thermoplastic elastomer composition (2) is a thermoplastic elastomer composition comprising a 
crystalline polyolefin resin (A) in an amount of not less than 1 0 parts by weight and less than 60 parts by weight and an 
ethylene/a-olef in/nonconjugated polyene copolymer rubber (B) which comprises ethylene, an a-olefin of 3 to 20 carbon 
atoms and a nonconjugated polyene in an amount of not more than 90 parts by weight and more than 40 parts by 
so weight, the total amount of said components (A) and (B) being 1 00 parts by weight. 

wherein the ethylene/a-olefin/nonconjugated polyene copolymer rubber (B) is obtained by. in the presence or a 
metallocene catalyst, random copolymerizing ethylene, an a-olefin of 3 to 20 carbon atoms and a nonconjugated poly- 
ene containing, in one molecule, only one carbon-to-carbon double bond polymerizable by the metallocene catalyst 
among carbon-to-carbon double bonds and has the following properties: 

55 

(1) said copolymer rubber contains (a) units derived from ethylene and (b) units derived from the a-olefin of 3 to 20 
carbon atoms in a molar ratio of 40/60 to 95/5 ((a)/(b)); 

(2) the iodine value is in the range of 1 to 50; 
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(3) the intrinsic viscosity fa), as measured in decalin at 13S °C, is in the range of 1 ,0 dl/g to 10 dl/g; and 

(4) the ratio gr\* of the intrinsic viscosity fo) of said copolymer rubber (B) determined in the property (3) to the intrin- 
sic viscosity faWnk °* a llnear ethylene/propylene copolymer having the same weight-average molecular weight 
(measured by a light scattering method) as the copolymer rubber (B) and having an ethylene content of 70 % by 

5 mol, (VOl)biank. is in the range of 0.2 to 0.95. 

[0015] The olefin thermoplastic elastomer composition of the invention may contain 2 to 100 parts by weight of a 
softener (C) and/or 2 to 50 parts by weight of an inorganic filler (D) based on 100 parts by weight of the total amount of 
the crystalline polyolefin resin (A) and the ethyl ene/a-olefin/nonconjugated polyene copolymer rubber (B). 

10 [0016] The olefin thermoplastic elastomer composition according to the invention can provide molded products of 
excellent low-temperature properties, tensile strength, elongation at break, eiastomeric properties and heat resistance 
even rf rt is in the non-crosstinked form. The olefin thermoplastic elastomer composition in the partially or completely 
crosslinked form can provide molded products of more excellent low-temperature properties, tensile strength, elonga- 
tion at break and eiastomeric properties than the conventionally known vulcanized rubbers. 

is [0017] The other olefin thermoplastic elastomer composition according to the invention is a partially or completely 
crosslinked thermoplastic elastomer composition comprising a crystalline polyolefin resin (E) in an amount of 10 to 85 
parts by weight and an ethylene/a-olefin copolymer rubber (F) which comprises ethylene and an a-def in of 3 to 20 car- 
bon atoms in an amount of 15 to 90 parts by weight, the total amount of said components (E) and (F) being 100 parts 
by weight, 

20 wherein the ethylene/a-olefin copolymer rubber (F) is obtained by random copolymerizing ethylene and an a- 

olef in of 3 to 20 carbon atoms in the presence of a metallocene catalyst and has the following properties: 

(1) said copolymer rubber contains (a) units derived from ethylene and (b) units derived from the a-olef in of 3 to 20 
carbon atoms in a molar ratio of 55/45 to 98/2 ((a)/(b)); 
25 (2) the density is in the range of 0.860 to 0.900 g/cm 3 ; 

(3) the melt flow rate (ASTM D 1238. 230 °C, load of 2.16 kg) is in the range of 0.01 to 20 g/10 min; and 

(4) the intrinsic viscosity fa), as measured in decalin at 135 °C, is in the range of 0.1 dl/g to 10 dl/g. 

[0018] Preferred embodiments of this thermoplastic elastomer composition are the following compositions (3) and 

30 (4). 

[0019] The olefin thermoplastic elastomer composition (3) is a partially or completely crosslinked thermoplastic 
elastomer composition comprising a crystalline polyolefin resin (E) in an amount of 1 0 to 85 parts by weight and an eth- 
ylene/a-olefin copolymer rubber (F) which comprises ethylene and an a-olef in of 3 to 20 carbon atoms in an amount of 
15 to 90 parts by weight, the total amount of said components (E) and (F) being 100 parts by weight, 
35 wherein the ethylene/a-olefin copolymer rubber (F) is obtained by random copolymerizing ethylene and an a- 

olef in of 3 to 20 carbon atoms in the presence of a metallocene catalyst and has the following properties: 

(1) said copolymer rubber contains (a) units derived from ethylene and (b) units derived from the a-olef in of 3 to 20 
carbon atoms in a molar ratio of 55/45 to 98/2 ((a)/(b)); 
40 (2) the density is in the range of 0.860 to 0.900 g/cm 3 ; 

(3) the melt flow rate (ASTM D 1238. 230 °C. load of 2.16 kg) is in the range of 0.01 to 20 g/10 min; 

(4) the intrinsic viscosity in), as measured in decalin at 135 °C. is in the range of 0.1 dl/g to 10 dl/g; and 

(5) the ratio qv\* of the intrinsic viscosity (n) of said copolymer rubber determined (F) in the property (4) to the intrin- 
sic viscosity Oi) W ank ° f a linear ethylene/propylene copolymer having the same weight-average molecular weight 

45 (measured by a light scattering method) as the copolymer rubber (F) and having an ethylene content of 70 % by 
mol. Oi)/(n)biiink. *s more than 0.95. 

The ethylene/a-olefin copolymer rubber (F) for constituting the thermoplastic elastomer composition (3) pref- 
erably further has, in addition to the above properties (1) to (5), the following properties: 

(6) the intensity ratio D of Tap to Taa in the 13 C-NMR spectrum, Tap/Taa, is not more than 0.5; 

so (7) the B value, as determined by the 1 3 C-NMR spectrum and the following equation, is in the range of 1 .00 to 1 .50; 

B value »(P OE )/(2-(P E )-(P 0 )) 

wherein (Pg) is a molar fraction of the units derived from ethylene (a) in the copolymer rubber, (P 0 ) is a molar frac- 
55 tion of the units derived from the a-olefin (b) in the copolymer rubber (F), and (Poe) is a proportion of the number 
of the a-olef in/ethylene sequences to the number of all the dyad sequences in the copolymer rubber (F); and 
(8) the glass transition temperature (Tg). as measured by DSC, is not higher than -50 °C. 
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[0020] The olefin thermoplastic elastomer composition (4) is a partially or completely crosstinked thermoplastic 
elastomer composition comprising a crystalline polyolefin resin (E) in an amount of 10 to 85 parts by weight and an eth- 
yiene/a-olefin copolymer rubber (F) which comprises ethylene and an a-olefin of 3 to 20 carbon atoms in an amount of 
1 5 to 90 parts by weight, the total amount of said components (E) and (F) being 1 00 parts by weight, 
5 wherein the ethyl ena/a-olef in copolymer rubber (F) is obtained by random copolymerizing ethylene and an a- 

olefin of 3 to 20 carbon atoms in the presence of a metallocene catalyst and has the following properties: 

(1) said copolymer rubber contains (a) units derived from ethylene and (b) units derived from the a-olefin of 3 to 20 
carbon atoms in a molar ratio of 55/45 to 98/2 ((a)/(b)); 
w (2) the density is in the range of 0.860 to 0.900 g/cm 3 ; 

(3) the melt flow rate (ASTM D 1238, 230 °C. load of 2.16 kg) is in the range of 0.01 to 20 g/10 min; 

(4) the intrinsic viscosity fa), as measured in decalin at 135 °C, is in the range of 0.1 dl/g to 10 dl/g; and 

(5) the ratio qt\ * of the intrinsic viscosity fa) of said copolymer rubber ( F) determined in the property (4) to the intrin- 
sic viscosity (n)uank ° f a linear ethylene/propylene copolymer having the same weight-average molecular weight 

75 (measured by a light scattering method) as the copolymer rubber (B) and having an ethylene content of 70 % by 
mol, fa)/fa)biank» is in the range of 0.2 to 0.95. 

[0021 ] The other olefin thermoplastic elastomer composition may comprise the crystalline polyolefin resin (E) in an 
amount of 1 0 to 85 parts by weight, the ethylene/a-olef in copolymer rubber (F) in an amount of 1 5 to 90 parts by weight, 
20 and an olefin rubber (G) in an amount of 1 to 40 parts by weight and/or a softer (H) in an amount of 1 to 40 parts (the 
total amount of said components (E), (F), (G) and (H) being 1 00 parts by weight). In this composition, a ratio of the total 
amount of the components (E), (F) and (G) to the total amount of the components (E), (F), (G) and (H) is in the range 
of 60 to 100 % by weight. 

[0022] This olefin thermoplastic elastomer composition can provide molded products of more excellent tensile 
25 properties such as tensile strength and elongation at break than the conventionally known vulcanized rubbers. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] The olefin thermoplastic elastomer compositions according to the invention are described in detail hereinaf- 
30 ter. 

[0024] One of the olefin thermoplastic elastomer compositions of the invention is a non-crosslinked thermoplastic 
elastomer composition or a partially or completely crosslinked thermoplastic elastomer composition, and comprises a 
crystalline polyolefin resin (A) and an ethylene/a-olefin/nonconjugated polyene copolymer rubber (B) (or copolymer 
rubber (B)). 

35 [0025] The other of the olefin thermoplastic elastomer compositions of the invention is a partially or completely 
crosslinked thermoplastic elastomer composition, and comprises a crystalline polyolefin resin (E) and an ethylene/a- 
olef in polyene copolymer rubber (F) (or copolymer rubber (F)). 

[0026] First, the former olefin thermoplastic elastomer composition of the invention is described. 
40 Crystalline polyolefin resin (A) 

[0027] The crystalline polyolefin resin (A) used in the invention is a crystalline, high-molecular weight solid obtained 
by polymerizing at least one kind of monoolef in by means of either a high-pressure method or a low-pressure method. 
Examples of such resins include isotactic and syndiotactic monoolef in polymer resins, and their typical resins are com- 
45 mercially available. 

[0028] Examples of the olefins suitably used for preparing the crystalline polyolefin resin (A) include ethylene, pro- 
pylene, 1-butene, 1-pentene, 1-hexene, 1-octene, 1-decene, 2-methyM-propene, 3-methyM -pentene, 4-methyM -pen- 
tene and 5-methyl- 1-hexene. These olefins are used singly or in combination of two or more kinds. 
[0029] Any polymerization process such as random polymerization process or block polymerization process may 
so be adopted, as far as a resinous product is obtained. 

[0030] The crystalline polyolefin resins may be used singly or in combination of two or more kinds. 

[0031] The crystalline polyolefin resin (A) used in the invention desirably has MFR (ASTM D 1238-65T, 230 °C) of 

usually 0.01 to 100 g/10 min, preferably 0.05 to 50 g/10 min. 

[0032] The crystalline polyolefin resin (A) serves to enhance fluidity and heat resistance of the resulting composi- 
55 tion. 

[0033] In the present invention, the crystalline polyolefin resin (A) is used in an amount of not less than 10 parts by 
weight and less than 60 parts by weight, preferably 20 to 55 parts by weight, based on 1 00 parts by weight of the crys- 
talline polyolefin resin (A) and the ethylene/a-oiefin/nonconjugated polyene copolymer rubber (B). 
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[0034] When the crystalline polyolefin resin (A) is used in the above-mentioned amount, an olefin thermoplastic 
elastomer composition having excellent elastomeric properties and molding processability can be obtained. 

Ethylene/g-ole fin/nonconiuqated polyene copolymer rubber (&) 

[0035] The ethylene/a-olefin/nonconjugated polyene copolymer rubber (B) is obtained by random copoiymerizing 
ethylene, an a-olef in of 3 to 20 carbon atoms and a nonconjugated polyene in the presence or the later-described spe- 
cific metallocene catalyst. 

[0036] In the present invention, the ethylene/a-olef in/nonconjugated polyene copolymer rubber (B) is used in an 
amount of not more than 90 parts by weight and more than 40 parts by weight, preferably 80 to 45 parts by weight, 
based on 100 parts by weight of the total amount of the crystalline polyolefin resin (A) and the ethylene/a-olef in/non- 
conjugated polyene copolymer rubber (B). 

[0037] An ethylene/a-olef in/nonconjugated polyene copolymer rubber (B1 ), or copolymer rubber (B1 ). for constitut- 
ing the preferred olefin thermoplastic elastomer composition (1) of the invention has a linear molecular structure, and 
an ethylene/a-olefin/nonconjugated polyene copolymer rubber (B2). or copolymer rubber (B2), for constituting the pre- 
ferred olefin thermoplastic elastomer composition (2) of the invention has a long-chain branched molecular structure. 

g-Olefin 

[0038] Examples of the a-olefins of 3 to 20 carbon atoms include propylene, 1-butene, 1-pentene, 1-hexene, 1-hep- 
tene, 1-octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene, 1-tridecene, 1-tetradecene, 1-pentadecene, 1-hexa- 
decene, 1-heptadecene, 1-octadecene, 1-nonadecene, 1-eicosene, 3-methyM-butene. 3-methyM-pentene, 3-ethyM- 
pentene. 4-methyM-pentene. 4-methyl-1 -hexene, 4,4-dimethyM-hexene, 4,4-dimethyl- 1-pentene. 4-ethyM-hexene, 3- 
ethyl-1-hexene, 9-methyM -decene, 11-methyM-dodecene and 12-ethyM-tetradecene. These a-olefins may be used 
in combination. 

[0039] Of these, a-olefins of 4 to 10 carbon atoms, particularly 1-butene, 1-hexene. 1-octene and 1-decene, are 
preferred as the a-olefins for forming the linear ethylene/a-olef in/nonconjugated polyene copolymer rubber (B1). 
[0040] On the other hand, a-olefins of 3 to 10 carbon atoms, particularly propylene, 1-butene, 1-hexene and 1- 
octene, are preferred as the a-olefins for forming the long-chain branched ethylene/a-olefin/nonconjugated polyene 
copolymer rubber (B2). 

Nonconiuaated polyene 

[0041] Examples of the nonconjugated polyenes for forming the linear ethylene/a-olef in/nonconjugated polyene 
copolymer rubber (B1) include aliphatic polyenes, alicyclic polyenes and aromatic polyenes. 
[0042] Particular examples of the aliphatic polyenes include: 

1 ,4-hexadiene, 1 ,5-hexadiene, 1,6-heptadiene, 1 ,6-octadiene, 1 ,7-octadiene, 1 ,8-nonadiene. 1,9-decadiene, 1.13- 
tetradecadiene, 1 ,5,9-decatriene, 

3- methyi-1 ,4-hexadiene. 4-methyl-1 ,4-hexadiene, 5-methyi-1,4-hexadiene, 4-ethyi-1 ,4-hexadiene, 3-methyl-1 ,5- 
hexadiene, 3,3-dimethyl-1 ,4-hexadiene, 3,4-dimethyl-1 ,5-hexadiene, 

5-methyl-1.4-heptadiene. 5-ethyM .4-heptadiene. 5-methyl-1,5-heptadiene, 6-methy1-1,5-heptadiene. 5-ethyl-1,5- 
heptadiene. 3- methyl -1 ,6-heptadiene, 4-methyl-1.6-heptadiene, 4.4-dimethyl-1,6-heptadiene. 4-ethyl-1 ,6-heptadi- 
ene, 

4- methyl-1 ,4-octadiene, 5-methyM ,4-octadiene. 4-ethyl-1 ,4-octadiene. 5-ethyl-1,4-octadiene, 5-methyl-1.5-octadi- 
ene. 6-methyl-1,5-octadiene, 5-ethyl-1 ,5-octadiene. 6-ethyl-1 ,5-octadiene. 6-methyl-1 ,6-octadiene, 7-methyl-1 .6- 
octadiene, 6-ethyl-1 ,6-octadiene, 6-propyM ,6-octadiene, 6-butyl-1 ,6-octadiene, 

4- methyM > 4-nonadiene, 5-methyl-1 ,4-nonadiene, 4-ethyl-1 ,4-nonadiene. 5-ethyl-1,4-nonadiene, 5-methyM ,5- 
nonadiene, 6-methyl-1,5-nonadiene, 5-ethyl-1,5-nonadiene t 6-ethyl-1,5-nonadiene f 6-methyl-1,6-nonadiene. 7- 
methyl-1 f 6-nonadiene, 6-ethyl-1 ,6-nonadiene, 7-ethyl-1,6-nonadiene, 7-methyl-1 ,7-nonadiene t 8-methyl-1,7-nona- 
diene, 7-ethyl-1,7-nonadiene, 

5- methyl-1 ,4-decadiene, 5-ethyl-1,4-decadiene, 5-methyl-1,5-decadiene. 6-methyl-1,5-decadiene, 5-ethyM ,5-dec- 
adiene, 6-ethyl-1 ,5-decadiene, 6-methyl-1 ,6-decadiene, 6-ethyl-1 ,6-decadiene, 7-methyM ,6-decadiene, 7-ethyl- 
1 ,6-decadiene, 7-methyM,7-decadiene, 8-methyM ,7-decadiene. 7-ethyt-l ,7-decadiene, 8-ethyM ,7-decadiene. 8- 
methyl- 1,8-decadiene, 9-methyl-1 ,8-decadiene, 8-ethyM ,8-decadiene, 

6- methyl-1 ,6-undecadiene and 9-methyl-i ,8-undecadiene. 

[0043] Particular examples of the alicyclic polyenes include: 
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vinylcyclohexene, vinylnorbornene, ethylidene norbornene, dicycloperrtadiene, cyclooctadiene, 2,5-norbornadiene, 
1 ,4-divinylcyclohexane, 1,3-divinylcyclohexane, 1 ,3-divinylcycioperrtane, 1 ,5-divinylcydooctane, 1-allyl-4-vinylcy- 
clohexane, 1 ,4-diallylcyclohexane, 1 -allyl-5-vinylcycloocatane, 1 ,5-diallylcycfooctane, 1 -aJlyl-4-isopropenylcy- 
clohexane. 1-isopropenyl-4-vinylcyclohexane and 1-isopropenyl-3-vinylcyclopentane. 

5 

[0044] Particular examples of the aromatic polyenes include divinylbenzene and vinylisopropenylbenzene. 
[0045] Of these, preferably used are nonconjugated polyenes having 7 or more carbon atoms, for example, meth- 
yloctadiene (MOD) such as 7-methyl-1 ,6-octadiene, ethylidene norbornene (ENB) such as 5-ethylidene-2-norbornene, 
and dicycloperrtadiene (DCPD). 

10 [0046] These nonconjugated polyenes can be used singly or in combination of two or more kinds. 

[0047] The nonconjugated polyene for forming the long-chain branched ethylene/a-olef in/nonconjugated polyene 
copolymer rubber (B2) is a nonconjugated polyene containing, in one molecule, only one carbon-to-carbon double bond 
polymerizable by a metallocene catalyst among carbon-to-carbon double bonds. In this nonconjugated polyene, a chain 
polyene having vinyl groups at the both ends is not included. When one vinyl group out of the two or more vinyl groups 

is is an end vinyl group, it is preferable that other vinyl groups are not the other end vinyl group but form an inside olefinic 
structure. 

[0048] Examples of such nonconjugated polyenes include aliphatic polyenes and alicyclic polyenes. 
[0049] More specifically, there can be mentioned aliphatic polyenes such as: 

20 1 ,4-hexadiene, 3-methyM ,4-hexadiene, 4-methyl-1 ,4-hexadiene. 5-methyM ,4-hexadiene, 4-ethyM ,4-hexadiene, 

3- methyM ,5-hexadiene, 3,3-dimethyM ,4-hexadiene, 

5-methyl-1,4-heptadiene, 5-ethyM ( 4-heptadiene, 5-methyl-1 ,5-heptadiene, 6-methyM t 5-heptadiene. 5-ethyl-1,5- 
heptadiene, 

1,6-octadiene, 4-methyM ,4-octadiene, 5-methyl-1 ,4-octadiene, 4-ethyM ,4-octadiene, 5-ethyl-1 ,4-octadiene, 5- 
25 methyl- 1 ,5-octadiene, 6-methyl-1,5-ocadiene, 5-ethyM ,5-octadiene. 6-ethyM ,5-octadiene, 6-methyl-1 ,6-octadi- 
ene, 7-methyl-l ,6-octadiene, 6-ethyl- 1,6-octadiene, 6-propyl- 1,6-octadiene, 6-butyl- 1,6-octadiene, 

4- methyM ,4-nonadiene, 5-methyM ,4-nonadiene, 4-ethyM ,4-nonadiene, 5-ethyl-l,4-nonadiene, 5-methyM t 5- 
nonadiene, 6-methyl-1,5-nonadiene, 5-ethyM ,5-nonadiene, 6-ethyl-l,5-nonadiene, 6-methyM.6-nonadiene, 7- 
methyl-i.6-nonadiene, 6-ethyM ,6-nonadiene, 7-ethyl-1,6-nonadiene, 7-methyM,7-nonadiene i 8-methyl-1,7-nona- 

30 diene, 7-ethyM ( 7-nonadiene, 

5- methyl-1 ,4-decadiene, 5-ethyM ,4-decadiene. S-methyl-I.S-decadiene, 6-methyl-1 ,5-decadiene, 5-ethyM ,5-dec- 
adiene, 6-ethyl-1 ,5-decadiene, 6-methyM ,6-decadiene, 6-ethyM ,6-decadiene, 7-methyM ,6-decadiene, 7-ethyl- 
1 ,6-decadiene, 7-methyl-1 i 7-decadiene, 8-methyl-1 ,7-decadiene, 7-ethyl-1,7-decadiene. 8-ethyl-1 ,7-decadiene, 8- 
methyl-1 ,8-decadiene, 9-methyM ,8-decadiene. 8-ethyM ,8-decadiene, 

35 6-methyl-1 ,6-undecadiene and 9-methyl-1 ,8-undecadiene. 

[0050] Preferred alicyclic polyenes are those consisting of alicyclic parts having one unsaturated bond and chain 
parts having inside olefinic bond, and examples thereof include 5-ethylidene-2-norbornene, 5-isopropylidene-2-nor- 
bornene and 6-chloromethyl-5-isopropenyl-2-norbornene. 
40 [0051 ] Also employable are trienes such as 2.3-diisopropy(idene-5-norbornene and 2-ethy lidene-3-isopropylidene- 
5-norbornene. 

[0052] Of the above nonconjugated polyenes, particularly preferable are 5-ethylidene-2-norbornene and 1 ,4-hexa- 
diene. 

[0053] These nonconjugated polyenes can be used singly or in combination of two or more kinds. 

45 

Properties of linear ethvlene/a-olefin/nonooniuQated polyene copolymer rubber (BP 

[0054] The linear ethylene/a-olef in/nonconjugated polyene copolymer rubber (B1) preferably used in the invention 
has the following properties. 

so 

(1) Ethylene/a-olef in component ratio 

[0055] The ethylene/a-olef in/nonconjugated polyene copolymer rubber (B1) used in the invention contains (a) units 
derived from ethylene, or ethylene units (a), and (b) units derived from the a-olefin of 3 to 20 carbon atoms (sometimes 
ss referred to simply as "a-olefin" hereinafter), or a-olefin units (b), in a molar ratio of 40/60 to 95/5 (ethylene units (a)/a- 
olefin units (b)), preferably 40/60 to 90/10, particularly preferably 50/50 to 85/15. 

[0056] The ethylene/a-olef in/nonconjugated polyene copolymer rubber having an ethylene/a-olefin component 
ratio within the above range is excellent in both the low-temperature flexibility and heat resistance. If the ethylene/a-o!e- 
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fin component ratio exceeds 95/5, the copolymer rubber comes to exhibit resinous properties to deteriorate the lew- 
temperature f lexfoility. On the other hand, if the ethylene/a-olef in component ratio is less than 40/60. the heat resistance 
of the copolymer rubber tends to be lowered. 

(2) Iodine value 

[0057J The iodine value of the ethylene/a-olef in/nonconjugated polyene copolymer rubber (B1 ), that is one index of 
the amount of the nonconjugated polyene component in the copolymer rubber (B1), is in the range of 1 to 50, preferably 
1 to 30. 

(3) Intrinsic viscosity fa) 

[0058] The intrinsic viscosity (t|) of the ethylene/a-olef in/nonconjugated polyene copolymer rubber (B1), as meas- 
ured in decalin at 135 °C, is in the range of 0.1 to 10 dl/g. preferably 1 .5 to 7 dl/g. 

(4) qt\* value 

[0059] The qt\* value determined by the intrinsic viscosity fa) of the linear ethylene/a-olef in/nonconjugated polyene 

copolymer rubber (B1) exceeds 0.95. 

[0060] The gr\* value is defined by the following equation: 

91* = 0l)/(*l) blank 

wherein fa) is an intrinsic viscosity measured in the property (3), and fa)wank '® an intrinsic viscosity of a linear ethyl- 
ene^ropylene copolymer which has the same weight-average molecular weight (measured by a light scattering 
method) as the copolymer rubber (B1) and has an ethylene content of 70 % by mol. 

[0061] From the linear ethylene/a-olef in/nonconjugated polyene copolymer rubber (Bl) having such properties as 
mentioned above, a thermoplastic elastomer composition and a molded product thereof both of which are excellent not 
only in mechanical strength, weathering resistance and ozone resistance but also in low-temperature resistance (low- 
temperature flexibility) and heat resistance can be obtained. 

[0062] It is preferable that the linear ethylene/a-olef in/nonconjugated polyene copolymer rubber (B1) further has 
the following properties (5) to (7). 

(5) D value 

[0063] The intensity (area) ratio D of Tap to Taa in the 13 C-NMR spectrum of the ethylene/a-olef in/nonconjugated 
polyene copolymer rubber (B1), Tap/Taa, is not more than 0.5, preferably not more than 0.3. 

[0064] The intensity ratio D of the copolymer rubber (B1 ) varies depending on the kind of the a-olef in used for form- 
ing the copolymer rubber (B1). 

[0065] Tap and Taa in the 13 C-NMR spectrum are each a peak intensity of Chfe in the units derived from the a- 
olefin, and each respectively represents either of two kinds of CH 2 having different positions to the tertiary cart»n as 
shown below. 
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[0066] The intensity ratio D of the copolymer rubber can be determined in the following manner. 
[0067] The 13 C-NMR spectrum or the copolymer rubber is obtained by measuring a mixture solution of hexacNo- 
robutadiene with a sample (concentration: 5 % by weight)/d 6 -benzene (2/1 by volume) by means of a NMR measuring 
device (e.g., JEOL-GX270 manufactured by Japan Electron Optics Laboratory Co.. Ltd.) at 25 °C and 67.8 MHz on the 
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basis of d 6 -benzene (128 ppm). 

[0068] Analysis of the 1 3 C-NMR spectrum was basically carried out in accordance with the proposals of Undemann 
Adams (Analysis Chemistry 43, p1245 (1971)) and J.C. Randall (Review Macromoiecular Chemistry Physics, C29, 201 
(1989)). 

5 [0069] The intensity ratio D is now described in more detail with reference to an ethyl ene/1-butene/7- methyl- 1 ,6- 
octadiene copolymer rubber. 

[0070] In the 13 C-NMR spectrum of the ethylene/1 -butene/7-tnethy I- 1 ,6-octadiene copolymer rubber, the peak 
appearing at 39 to 40 ppm is assigned to Taa, and the peak appearing at 31 to 32 ppm is assigned to Tap. 
[0071] The intensity ratio D is calculated as a ratio between the integrated values of those peak areas. 

10 [0072] The intensity ratio D thus determined is considered as an index of a proportion of occurrence of the 2,1 -addi- 
tion reaction of 1-butene subsequent to the 1,2-addrrJon reaction or an index of a proportion of occurrence of the 1,2- 
addrtion reaction sebsequent to the 2,1 -addition reaction. Therefore, the larger the intensity ratio D becomes, the more 
irregular the linkage direction of the a -olefin (1-butene) becomes. To the contrary, the smaller the D value becomes, the 
more regular the linkage direction of the a-olefin (1-butene) becomes. When the regularity is high, the molecular chains 

75 tend to be assembled and the copolymer rubber tends to have high strength and is preferred. 

[0073] In the present invention, a copolymer rubber (B1 ) having an intensity ratio D of not more than 0.5 is obtained 
by copolymerizing ethylene, an a-olefin and a nonconjugated polyene using a specific Group IVB metallocene catalyst 
as described later. However, even if ethylene, 1-butene and 7-methyl-1 ,6-octadiene are copolymerized in the presence 
of a Group VB metallocene (e.g.. vanadium) catalyst an ethylene/1 -butene/7-methyl-1 ,6-octadiene copolymer rubber 

20 having an intensity ratio D of not more than 0.5 cannot be obtained. The same applies to other a-olefins than 1 -butene. 

(6) B value 

[0074] The B value of the ethylene/a-olefin/nonconjugated polyene copolymer rubber (B1), as determined by the 
25 13 C-NMR spectrum and the following equation, is in the range of 1 .00 to 1 .50. 

B value MP 0E )/(2-(P E )-(P 0 )) 

wherein (Pe) is a molar fraction of the ethylene units (a) in the copolymer rubber; (P Q ) is a molar fraction of the a-olefin 
30 units (b) in the copolymer rubber; and (Poe) «s a proportion of a number of the a-oief in/ethylene sequences to a number 
of all the dyad sequences in the copolymer rubber. 

[0075] This B value is an index of distribution of the ethylene and the a-olefin in the copolymer rubber, and it can 
be determined based on the reports by J.C. Randall (Macromolecules, 15, 353 (1982)) and J. Ray (Macromolecules, 
10. 773 (1977)). 

35 [0076] The larger the B value becomes, the shorter the block-like sequence of the ethylene or the a-olefin 
becomes, and this shows that the sequence distribution of the ethylene and the a-olefin is uniform and the composition 
distribution of the copolymer rubber is narrow. The smaller the B value becomes (particularly smaller than 1.00). the 
composition distribution of the copolymer rubber is widened, and such copolymer rubber does not sufficiently exhibit its 
properties such as strength when vulcanized, differently from a copolymer rubber of narrow composition distribution. 

40 [0077] In the present invention, a copolymer rubber (B1) having a B value of 1 .00 to 1 .50 is obtained by copolym- 
erizing ethylene, an a-defin and a nonconjugated polyene using a specific Group IVB metallocene catalyst as 
described later However, even if ethylene, an a-olefin and a nonconjugated polyene are copolymerized in the presence 
of a non-metallocene type titanium catalyst, an ethylene/a-olef in/nonconjugated polyene copolymer rubber having a B 
value within the above range cannot be obtained. 

45 

(7) Glass transition temperature 

[0078] The glass transition temperature (Tg) of the ethylene/a-olef in/nonconjugated polyene copolymer rubber 
(B1). as measured by DSC (differential scanning calorimeter), is preferably not higher than -50 °C. 
so [0079] From the copolymer rubber (B1 ) having a glass transition temperature (Tg) of not higher than -50 °C. a ther- 
moplastic elastomer composition of good low-temperature flexibility can be obtained. 

[0080] The ethylene/a-olefin/nonconjugated polyene copolymer rubber (B1) used in the invention, e.g., a random 
copolymer rubber of ethylene. 1-butene and ethylidene norbornene (ENB), has a glass transition temperature (Tg) 
lower by about 5 to 10 °C than that of an ethylene/propyiene/ENB random copolymer rubber (EPDM) having the same 
55 monomer ratio among ethylene, a-olefin and polyene as this copolymer rubber, and this copolymer rubber exhibits 
excellent low-temperature properties. 
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Properties of lone-chain bra nched ethvlene/a-olef inVnonconiuqated polyene copolymer rubber (B2) 



[0081] The long-chain branched ethylene/a-olefin/nonconjugated polyene copolymer rubber (B2) preferably used 
in the invention has the following properties. 

(1) Ethylene/a-olefin component ratio 

[0082] The ethylene/a-olef in/nonconjugated polyene copolymer rubber (B2) used in the invention contains (a) units 
derived from ethylene, or ethylene units (a), and (b) units derived from the a-olef in of 3 to 20 carbon atoms (sometimes 
referred to simply as "a-olef in" hereinafter), or a-olef in units (b), in a molar ratio of 40/60 to 95/5 (ethylene units (a)/a- 
olefin units (b)), preferably 55/45 to 90/10. 

(2) Iodine value 

[0083] The iodine value of the ethylene/a-olef in/nonconjugated polyene copolymer rubber (B2) is in the range of 1 
to 50. preferably 5 to 40. 

[0084] The ethytene/a-olef in/nonconjugated polyene copolymer rubber having an iodine value within the above 
range has a high vulcanization rate and can be vulcanized at a high speed. 

(3) Intrinsic viscosity fa) 

[0085] The intrinsic viscosity fa) of the ethylene/a-olef in/nonconjugated polyene copolymer rubber (B2). as meas- 
ured in decalin at 135 °C, is in the range of 1.0 to 10 dl/g. preferably 1 .2 to 6 dl/g. more preferably 1 .5 to 5 dl/g. 

(4) gV value 

[0086] The grf value off the long-chain branched ethylene/a-olef in/nonconjugated polyene copolymer rubber (B2) 
is in the range of 0.2 to 0.95, preferably 0.4 to 0.9, more preferably 0.5 to 0.85. This gn/ value is determined by the 
method previously described. 

[0087] By the fact that the gV value of the ethylene/a-oief in/nonconjugated polyene copolymer rubber is not more 
than 0.95, it is indicated that a long-chain branch is formed in the molecule. 

Preparation of ethvlene/a-olef tn/nonconiuaated polyene copolymer rubber (B) 

[0088] The linear or long-chain branched ethylene/a-olef in/nonconjugated polyene copolymer rubber (B) is pre- 
pared by random copolymerizing ethylene, an a-olef in or 3 to 20 carbon atoms and a nonconjugated polyene in the 
presence of a specific metallocene catalyst. 

[0089] There is no specific limitation on the metallocene catalyst employable in the invention, except that the met- 
allocene catalyst contains a metallocene compound [a]. For example, the metallocene catalyst may be formed from the 
metallocene compound [a] and an organoaluminum oxy-oompound [b] and/or a compound [c] which reacts with the 
metallocene compound [a] to form an ion pair, or the catalyst may be formed from the metallocene compound [a], the 
organoaluminum compound [b] and/or the compound [c], and the organoaluminum compound [d]. 
[0090] Details of the metallocene catalyst and the copotymerization process will be described later. 

Other pgnponants 

[0091 ] The olefin thermoplastic elastomer composition (1 ) , (2) according to the invention may further contain a sof- 
tener (C) and/or an inorganic filler (D), in addition to the crystalline polyolefin resin (A) and the ethylene/a-olefin/non- 
conjugated polyene copolymer rubber (B). 

[0092] As the softener (C), those conventionally used for rubbers are employable. 
[0093] Examples of such softeners include: 

petroleum type materials, such as process oil, lubricating oil. paraffin, liquid paraffin, petroleum asphalt and vase- 
line; 

coal tars, such as coal tar and coal tar pitch; 

fatty oils, such as castor oil, linseed oil, rapeseed oil, soybean oil and coconut oil; 
waxes, such as tall oil, beeswax, carnauba wax and lanolin; 

fatty acids and metallic salts thereof, such as rictnolic acid, palmitic acid, stearic acid, barium stearate and calcium 
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stearate; 

synthetic polymer materials, such as petroleum resin, coumarone-indene resin and atactic polypropylene; 
ester type piasticizers, such as dioctyl phthalate. dioctyl adipate and dioctyl sebacate; and 
other softeners, such as mtcrocrystalline wax, factice, liquid polybutadiene, modified liquid polybutadiene and liquid 
5 thiokol. 

[0094] In the present invention, the softener (C) is used in an amount of not more than 200 parts by weight, prefer- 
ably 2 to 100 parts by weight, more preferably 5 to 80 parts by weight, based on 100 parts by weight of the total amount 
of the crystalline poiyolefin resin (A) and the ethylene/a-olefin/nonconjugated polyene copolymer rubber (B). When the 
w softener (C) is used in this amount the resulting thermoplastic elastomer composition shows good fluidity in the mold- 
ing process, and the mechanical properties of its molded product are not deteriorated. If the amount of the softener (C) 
exceeds 200 parts by weight, the heat resistance and the thermal aging resistance of the resulting thermoplastic elas- 
tomer composition tend to lower. 

[0095] Examples of the inorganic filler (D) employable in the invention include calcium carbonate, calcium silicate, 
is clay, kaolin, talc, silica, diatomaceous earth, mica powder, asbestos, alumina, barium sulfate, aluminum sulfate, calcium 
sulfate, basic magnesium carbonate, molybdenum disulfide, graphite, glass fiber, glass balloon, Shirasu balloon, basic 
magnesium sulfate whisker, calcium titanate whisker and aluminum borate whisker. 

[0096] In the present invention, the inorganic filler (D) is used in an amount of not more than 100 parts by weight, 
preferably 2 to 50 parts by weight, based on 100 parts by weight of the total amount of the crystalline poiyolefin resin 
20 (A) and the ethylene/a-olefin/nonconjugated polyene copolymer rubber (B). If the amount of the inorganic filler (D) 
exceeds 100 parts by weight, the elastomeric properties and the molding processability of the resulting thermoplastic 
elastomer composition tend to lower. 

[0097] The olefin thermoplastic elastomer composition of the invention may further contain an ethylene/propylene 
copolymer rubber (EPR) and an ethylene/propylene/nonconjugated diene copolymer rubber (EPDM), in addition to the 
25 crystalline poiyolefin resin (A), the ethylene/a-olef in/nonconjugated polyene copolymer rubber (B), the softener (C) and 
the inorganic filler (D). 

[0098] Examples of the ethylene/propylene/nonconjugated diene copolymer rubbers include an ethylene/propyl- 
ene/5-ethylidene-2-nortx>rnene copolymer rubber and an ethylene/propylene/dicyclopentadiene copolymer rubber. 
[0099] In the invention, the ethylene/propylene copolymer rubber (EPR) or the ethylene/feropylene/nonconjugated 
30 diene copolymer rubber (EPDM) is used in an amount of preferably 10 to 200 parts by weight, more preferably 20 to 
1 50 parts by weight, based on 100 parts by weight of the total amount of the crystalline poiyolefin resin (A) and the eth- 
ylene/a-olef in/nonconjugated polyene copolymer rubber (B). 

[0100] To the olefin thermoplastic elastomer composition (1), (2) of the invention, additives such as conventionally 
known heat stabilizer, anti-aging agent, weathering stabilizer, antistatic agent, metallic soap and lubricant (e.g., wax) 

35 can be further added as far as it is not prejudicial to the objects of the invention. 

[01 01 ] Of the olefin thermoplastic elastomer compositions of the invention, the non-crossl inked thermoplastic elas- 
tomer composition is obtained by a process comprising mixing the crystalline poiyolefin resin (A) and the ethylene/a- 
olef in/nonconjugated polyene copolymer rubber (B) and optionally the softener (C) and/or the inorganic filler (D) and 
then dynamically heat-treating the resulting mixture. 

40 [0102] The partially or completely crosslinked thermoplastic elastomer composition according to the invention is 
obtained by dynamically heat-treating a mixture of the crystalline poiyolefin resin (A) and the ethylene/a-olef in/noncon- 
jugated polyene copolymer rubber (B) and optionally the softener (C) and/or the inorganic filler (D) in the presence of 
the below-described organic peroxide so as to partially or completely crosslink the mixture. 
[0103] By the term "dynamically heat-treating" is meant that a mixture is kneaded in a molten state. 

45 [01 04] Examples of the organic peroxides employable in the invention include dicumyl peroxide, di-tert-butyi perox- 
ide, 2 l 5-dimethyl-2,5-di-(tert-butylperaxy)hexane, 2,5-dimethyl-2,5-di-(tert-butylperoxy)hexyne-3 t 1 ,3-bis(tert-butylper- 
oxyisopropyl)benzene, 1 , 1 -bis(tert-butylperoxy)-3,3,5-trimethylcyclohexane, n-butyl-4,4-bis(tert-kHity(peroxy)valerate, 
benzoyl peroxide, p-chlorobenzoyl peroxide, 2,4-dichlorobenzoyl peroxide, tert-butyl peroxybenzoate, tert-butyl perben- 
zoate. tert-butylperoxyisopropyi carbonate, diacetyl peroxide, lauroyl peroxide and tert-butylcumyl peroxide. 

so [0105] Of these, 2,5-dimethyl-2,5-di-(tert-burylperoxy)hexane, 2,5-dimethyl-2,5-di-(tert-butylperQxy)hexyne-3 and 
1 ,3-bis(tert-butylperoxyisopropyl)benzene are preferable from the viewpoints of odor and scorch stability. Among them, 
most preferred is 2,5-dimethyl-2,5-di-(tert-butylperoxy)hexane. 

[0106] The organic peroxide is used in an amount of 0.02 to 3 parts by weight, preferably 0.05 to 1 part by weight, 
based on 100 parts by weight of the whole object to be treated, i.e., based on 100 parts by weight of the total amount 
55 of the crystalline poiyolefin resin (A) and the ethylene/a-olefin/nonconjugated polyene copolymer rubber (B). If the 
amount of the organic peroxide is less than the above-mentioned amount, the heat resistance, tensile properties, elastic 
recovery and impact resilience of the resulting thermoplastic elastomer composition become insufficient because of low 
degree of crosslinking. If the amount thereof exceeds the above-mentioned amount, the degree of crosslinking of the 
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resulting thermoplastic elastomer composition becomes too high, sometimes resulting in lowering of moldability, 
[0107] In the crosslinking treatment with the organic peroxide, there can be added peroxy crosslinking assistants, 
such as sulfur, p-quinone dioxime, p,p'-dibenzoylquinone dioxime, N-methyl-N-4-dinrtrosoaniIine, nitrosobenzene, 
diphenylguanidine and trimethyloipropnane-N.N'-m-phenyienedimaleimide; polyfu notional methacrylate monomers, 
5 such as divinylbenzene, triallyl cyanurate, ethylene glycol dimethacrylate, diethylene glycol di methacrylate, polyethyl- 
ene glycol dimethacrylate, trimethylolpropane trimethacrylate and allyl methacrylate; and polyfunctional vinyl mono- 
mers, such as vinyl butyrate and vinyl stearate. 

[0108] By the use of the above compounds, uniform and mild crosslinking reaction can be expected. Of the above 
compounds, divinylbenzene is most preferably used in the invention. Divinylbenzene can be easily handled and is com- 

io patible with the crystalline polyolef in resin (A) and the ethytene/a-olef in/nonconjugated polyene copolymer rubber (B) 
which are major components of the object of the crosslinking treatment. Moreover, divinylbenzene has a function of sol- 
ubilizing the organic peroxide and serves as a dispersant of the organic peroxide. Hence, by the use of divinylbenzene, 
a thermoplastic elastomer composition which exerts uniform crosslinking effects by heat treatment and which is well- 
balanced in fluidity and other properties can be obtained. 

is [01 09] The crosslinking assistant or the polyfunctional vinyl monomer is used in an amount of usually not more than 
2 parts by weight, preferably 0.3 to 1 part by weight, based on 100 parts by weight of the whole object to be crosslinked. 
[01 1 0] In order to accelerate the decomposition of the organic peroxide, decomposition accelerators may be used, 
and examples thereof include tertiary amines, such as triethylamine. tributyiamine and 2,4,6-tri(dimethylamino)phenol, 
and naphthenic salts of various metais such as aluminum, cobalt, vanadium, copper, calcium, zirconium, manganese, 

20 magnesium lead and mercury 

[0111] The dynamic heat treatment is preferably carried out in an apparatus of closed type and in an atmosphere 
of inert gas such as nitrogen or carbon dioxide. The temperature in the heat treatment is in the range of a melting point 
of the crystalline polyolef in resin (A) to 300 °C. usually 1 50 to 250 °C, preferably 1 70 to 225 °C. The kneading time is in 
the range of usually 1 to 20 minutes, preferably 1 to 1 0 minutes. The shear force applied is in the range of 1 0 to 1 00,000 

25 sec' 1 , preferably 1 00 to 50,000 sec 1 , in terms of shear rate. 

[0112] Various kneading devices such as a mixing roll, an intensive mixer (e.g., Banbury mixer, kneader) and a sin- 
gle-screw or twin-screw extruder are employable, but preferably used are those of closed type. 
[0113] Through the dynamic heat treatment, a non-crosslinked olefin thermoplastic elastomer composition or a par- 
tially or completely crosslinked olefin thermoplastic elastomer composition is obtained from the crystalline polyolefin 

30 resin (A) and the ethylene/a-olefin/nonconjugated polyene copolymer rubber (B). 

[0114] By the expression "the thermoplastic elastomer composition is partially crosslinked" used herein is meant 
that the gel content measured in the below-described manner is preferably not less than 20 % by weight and less than 
99.5 % by weight, particularly preferably 45 to 98 % by weight. By the expression "the thermoplastic elastomer compo- 
sition is completely crosslinked" is meant that the gel content is not less than 99.5 % by weight. 

35 

Measurement of gel content 

[0115] A sample of a thermoplastic elastomer composition of 100 g is cut into fine fragments (size: 0.5 mm x 0.5 
mm x 0.5 mm). In a closed vessel, the sample is immersed in 30 ml of cyclohexane at 23 °C for 48 hours. Then, the 
40 sample is taken out, placed on a filter paper and dried at room temperature for not shorter than 72 hours until a constant 
weight is reached. 

[0116] From the weight of the dry residue, the weight of all the cyclohexane-insoluble components (e.g., fibrous 
filler, filler, pigment) other than the polymer component and the weight of the crystalline polyolefin resin (A) in the sam- 
ple before immersed in the cyclohexane are subtracted. The obtained value is taken as "corrected final weight (Y) M . 
45 [01 17] On the other hand, the weight of the ethylene/aolefin/nonconjugated polyene copolymer rubber (B) in the 
sample is taken as "corrected initial weight (X)". 
[01 18] The gel content is calculated by the following equation. 

Gel content (wt.%) = (corrected final weight (Y) / corrected initial weight (X)) x 100 

50 

[01 1 9] Next, the other olefin thermoplastic elastomer composition according to the invention is described. 
Crystalline Pdvolef in resin (E) 

55 [0120] The crystalline polyolefin resin (E) used in the invention is a homopolymer or copolymer of an a-olefin of 2 
to 20 carbon atoms, and this resin is included In the aforesaid crystalline polyolefin resin (A). 
[0121] Examples of the crystalline polyolefin resin (E) include the following (co)polymers as follows: 
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(1) an ethylene homopolymer (which may be prepared by any of a low-pressure process and a high-pressure proc- 
ess), 

(2) a copolymer ol ethylene and not more than 10 % by mol of other a-olefin or a vinyl monomer such as vinyl ace- 
tate or ethyl acrylate, 

5 (3) a propylene homopolymer, 

(4) a random copolymer of propylene and not more than 10 % by mol of other a-olefin, 

(5) a block copolymer of propylene and not more than 30 % by mol of other a-olefin, 

(6) a 1-butene homopolymer, 

(7) a random copolymer of 1 -butene and not more than 1 0 % by mol of other a-olefin, 
w (8) a 4 methyl-1 -pentene homopolymer, and 

(9) a random copolymer of 4-methyl-1 -pentene and not more than 20 % by mol of other a-olefin. 

[0122] Examples of the a-olefins include ethylene, propylene. 1-butene. 4-methyl-1 -pentene, 1-hexene and 1- 
octene. 

is [0123] Of the above crystalline polyolefin resins, a propylene homopolymer and a propylene/a-olefin copolymer 
having a propylene content of not less than 50 % by mol are particularly preferable. 
[0124] These crystalline polyolefin resins can be used singly or in combination. 

[0125] The crystalline polyolefin resin (E) has a melt flow rate (MFR, ASTM D 1238, 230 °C, load of 2.16 kg) of 0.01 
to 100 g/10 min, preferably 0.3 to 70 g/10 min. 
20 [0126] The crystalline polyolefin resin (E) has a crystal lintty, as measured by means of X-ray analysis, of usually 5 
to 100 %, preferably 20 to 80 %. 

[01 27] The crystalline polyolef in resin (E) is used in an amount of 1 0 to 85 parts by weight, preferably 1 0 to 75 parts 
by weight, more preferably 1 5 to 70 parts by weight, based on 100 parts by weight of the total amount of the crystalline 
polyolefin resin (E), the ethylene/a-olefin copolymer rubber (F), the olefin rubber (Q) and the softener (H). The olefin 
25 rubber (G) and the softener (H) are arbitrary components, so that the amount thereof may become 0 part by weight. 
[0128] When the crystalline polyolefin resin (E) is used in the above-mentioned amount, a thermoplastic elastomer 
composition having good motdabilrty and capable of providing molded products of high heat resistance can be 
obtained. 

30 Ethyleng/g-Qlef jn cppplyrnQr rufrfrfir (F) 

[0129] The ethylene/a-olefin copolymer rubber (F) is obtained by random copolymerizing ethylene and an a-olefin 
of 3 to 20 carbon atoms in the presence or the later-described specific metallocene catalyst. 

[0130] In the present invention, the ethylene/a-olefin copolymer rubber (F) is used in an amount of 15 to 90 parts 
35 by weight, preferably 25 to 90 parts by weight, more preferably 30 to 85 parts by weight, based on 100 parts by weight 
of the total amount of the crystalline polyolefin resin (E), the ethylene/a-olefin copolymer rubber (F), the olefin rubber 
(Q) and the softener (H). The olefin rubber (G) and the softener (H) are arbitrary components, so that the amount 
thereof may become 0 part by weight. 

[0131] When the ethylene/a-olefin copolymer rubber (F) is used in the above-mentioned amount, a thermoplastic 
40 elastomer composition having good moldabiiity and capable of providing molded products of excellent tensile proper- 
ties such as tensile strength and tensile elongation can be obtained. 

[0132] An ethylene/a-olefin copolymer rubber (F1), or copolymer rubber (F1), for constituting the preferred olefin 
thermoplastic elastomer composition (3) of the invention has a linear molecular structure, and an ethylene/a-olefin 
copolymer rubber (F2), or copolymer rubber (F2), for constituting the preferred olefin thermoplastic elastomer compo- 
45 sition (4) of the invention has a long-chain branched molecular structure. 

g-Qlefin 

[01 33] Examples of the a-olefins of 3 to 20 carbon atoms include propylene, 1 -butene, 1 -pentene, 1 -hexene, 1 -hep- 
so tene, 1-octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene, 1-tridecene, 1-tetradecene. 1 -pentadecene, 1-hexa- 
decene, 1-heptadecene, 1-octadecene, 1-nonadecene, 1-eicosene, 3-methyl-l -butene, 3-methyl-1 -pentene, 3-ethyl-1- 
pentene, 4-methyl-1 -pentene, 4-methyl-1 -hexene, 4,4-dimethyM -hexene, 4,4-dimethyl-1 -pentene, 4-ethyl-1 -hexene, 3- 
ethyl-1 -hexene, 9-methyM-decene, 11 -methyl-1 -dodecene and 1 2-ethy1-1 -tetradecene. These a-olefins may be used 
in combination. 

55 [0134] Of these, a-olefins of 4 to 10 carbon atoms, particularly 1-butene, 1-hexene, 1-octene and 1-decene, are 
preferred as the a-olefins for forming the linear ethylene/a-olefin copolymer rubber (F1). 

[0135] On the other hand, a-olefins of 3 to 10 carbon atoms, particularly propylene, 1-butene. 1-hexene and 1- 
odene, are preferred as the a-olefins for forming the long-chain branched ethylene/a-olefin copolymer rubber (F2). 
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Prpperties of linear ethylenefa-plefip copolymer rubber (F1) 

[0136] The linear ethylene/a-olefin copolymer rubber (F1) preferably used in the Invention has the following prop- 
erties. 

(1) Ethylene/a-olefin component ratio 

[0137] The ethylene/a-olefin copolymer rubber (F1) used in the invention contains (a) units derived from ethylene, 
or ethylene units (a), and (b) units derived from the a-oief in of 3 to 20 carbon atoms (sometimes referred to simply as 
"a-olef in" hereinafter), or a-olefin units (b), in a molar ratio of 55/45 to 98/2 (ethylene units (a)/a-olefin units (b)). prefer- 
ably 60/40 to 95/5, more preferably 60/40 to 90/10. 

[0138] The ethylene/a-olefin copolymer rubber having an ethylene/a-olefin component ratio within the above range 
has excellent heat resistance. 

(2) Density 

[01 39] The density of the ethylene/a-olefin copolymer rubber (F1 ) is in the range of 0.860 to 0.900 g/cm 3 , preferably 
0.862 to 0.885 g/cm 3 , more preferably 0.862 to 0.880 g/cm 3 . When an ethylene/a-olefin copolymer rubber having a 
density within the above range is used, the resulting thermoplastic elastomer composition can be easily handled when 
they are in the form of pellets, and a molded product of high flexibility can be provided. 

(3) Melt flow rate 

[0140] The melt flow rate (MFR. ASTM D 1238, 230 °C, load of 2.16 kg) of the ethylene/a-olefin copolymer rubber 
(F1) is in the range of 0.01 to 20 g/10 min, preferably 0.2 to 10 g/10 min, more preferably 0.2 to 5 g/10 min. 

(4) Intrinsic viscosity fa) 

[0141] The intrinsic viscosity fa) of the ethylene/a-olefin rubber (F1), as measured in decalin at 135 °C, is in the 
range of 0.1 to 10 dl/g. preferably 1 .0 to 5 dl/g. 

(5) gn* value 

[0142] The gn* value determined by the intrinsic viscosity fa) of the linear ethylene/a-olefin copolymer rubber (F1) 
exceeds 0.95. 

[0143] The gn* value is defined by the following equation: 

gn* = (n)/(Ti) blank 

wherein fa) is an intrinsic viscosity of the ethylene/a-olefin copolymer rubber (F1) measured in the property (4), and 
fa)wank is an intrinsic viscosity of a linear ethylene/propylene copolymer which has the same weight-average molecular 
weight (measured by a light scattering method) as the copolymer rubber (F1) and has an ethylene content of 70 % by 
mo!. 

[0144] From the linear ethylene/a-olefin copolymer rubber (F1 ) having such properties as mentioned above, a ther- 
moplastic elastomer composition and a molded product thereof both of which are excellent not only in mechanical prop- 
erties but also in heat resistance can be obtained. 

[0145] It is preferable that the linear ethylene/a-olefin copolymer rubber (F1) further has the following properties (6) 
to (8). 

(6) D value 

[0146] The Intensity (area) ratio D of Tap to Taa in the 13 C-NMR spectrum of the ethylene/a-olefin copolymer rub- 
ber (F1), Tap/T aa, is not more than 0.5, preferably not more than 0.3. 

[0147] The intensity ratio D of the copolymer rubber (F1) varies depending on the Kind of the a-oief in used which 
consititutes the copolymer rubber (F1). 

[0148] The meanings of Tap and Taa In the 13 C-NMR spectrum and the method to determine the intensity ratio D 
of the copolymer rubber (F1) are the same as those described hereinbefore. 

[0149] The intensity ratio D is now described in more detail with reference to an ethylene/1 -butene copolymer rub- 
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ber. 

[0150] In the 1 3 C-NMR spectrum of the ethylene/1 -bulene copolymer rubber, the peak appearing at 39 to 40 ppm 
is assigned to Taa, and the peak appearing at 31 to 32 ppm is assigned to Tap. 

[0151] The intensity ratio 0 is calculated as a ratio between the integrated values of those peak areas. 

5 [01 52] The intensity ratio D thus determined is considered as an index of a proportion of occurrence of the 2, 1 -addi- 
tion reaction of 1-butene subsequent to the 1 ,2-addition reaction or an index of a proportion of occurrence of the 1.2- 
addrtion reaction subsequent to the 2,1 -addition reaction. Therefore, the larger the intensity ratio D becomes, the more 
irregular the linkage direction of the a-olefin (1-butene) becomes. To the contrary, the smaller the D value becomes, the 
more regular the linkage direction of the a-olefin (1-butene) becomes. When the regularity is high, the molecular chains 

10 tend to be assembled and the copolymer rubber tends to have high strength and is preferred. 

[01 53] In the present invention, a copolymer rubber (F1) having an intensity ratio D of not more than 0.5 is obtained 
by copolymerizing ethylene and an a-olefin using a specific Group IVB metallocene catalyst as described later. How- 
ever, even H ethylene and 1 -butane are copolymerized in the presence of a Group VB metallocene (e.g.. vanadium) cat- 
alyst, an ethylene/1 -butene copolymer rubber having an intensity ratio D of not more than 0.5 cannot be obtained. The 

75 same applies to other a-olefins than 1-butene. 

(7) B value 

[0154] The B value of the ethylene/a-olefin copolymer rubber (F1) is in the range of 1.00 to 1.50. 
20 [01 55] The meaning of the B value and the method to determine the B value are the same as those described here- 
inbefore. 

[0156] In the present invention, a copolymer rubber (F1) having a B value of 1.00 to 1.50 is obtained by copolym- 
erizing ethylene and an a-olefin using a specific Group IVB metallocene catalyst as described later. However, even if 
ethylene and an a-olefin are copolymerized in the presence of a non-metallocene type titanium catalyst an ethylene/a- 
25 olefin copolymer rubber having a B value within the above range cannot be obtained. 

(8) Glass transition temperature 

[0157] The glass transition temperature (Tg) of the ethyiene/a-o»efin copolymer rubber (F1), as measured by DSC 
30 (differential scanning calorimeter), is preferably not higher than -50 °C. 

[0158] From the copolymer rubber (F1) having a glass transition temperature (Tg) or not higher than -50 °C, a ther- 
moplastic elastomer composition of good low-temperature flexibility can be obtained. 

Properties of lone-chain branched ethvlene/a-oief in copolymer rubber (F2) 

35 

[0159] The long-chain branched ethylene/a-olefin copolymer rubber (F2) preferably used in the invention has the 
following properties. 

(1) Ethylene/a-olefin component ratio 

40 

[0160] The ethylene/a-olefin copolymer rubber (F2) used in the invention contains (a) units derived from ethylene, 
ethylene units (a), and (b) units derived from the a-olefin of 3 to 20 cait>on atoms (sometimes referred to simply as "a- 
olefin" hereinafter), a-olefin units (b). in a molar ratio of 55/45 to 98/2 (ethylene units (a)/a-olefin units (b)), preferably 
60/40 to 95/5. more preferably 60/40 to 90/10. 

45 

(2) Density 

[01 61 ] The density of the ethylene/a-olefin copolymer rubber (F2) is in the range of 0.860 to 0.900 g/cm 3 , preferably 
0.862 to 0.885 g/cm 3 , more preferably 0.862 to 0.880 g/cm 3 . When an ethylene/a-olefin copolymer rubber having a 
so density within the above range is used, the resulting thermoplastic elastomer can be easily handled when they are in 
the form of pellets, and a molded product of high flextoility can be provided. 

(3) Melt flow rate 

55 [0162] The melt flow rate (MFR, ASTM D 1238, 230 °C, load of 2.1 6 kg) of the ethylene/a-olefin copolymer rubber 
(F2) is in the range of 0.01 to 20 g/10 min, preferably 0.2 to 10 g/10 min, more preferably 0.2 to 5 g/10 min. 
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(4) Intrinsic viscosity (rj) 

[0163] The intrinsic viscosity (n) of the ethylene/a -olefin-copolymer rubber (F2), as measured in decalin at 135 °C, 
is in the range of 0.1 to 10 dl/g, preferably 1 .0 to 5 dl/g. 

5 

(5) gr\* value 

[0164] The gV value of the long-chain branched ethylene/a-olefin copolymer rubber (F2) is in the range of 0.2 to 
0.95, preferably 0.4 to 0.9, more preferably 0.5 to 0.85. The gr\* value can be determined by the method previously 
10 described. 

[0165] By the fact that a gV value of a long-chain branched ethylene/a-olefin copolymer rubber is not more than 
0.95, It is indicated that a long-chain branch is formed in the molecule. 

Preparation of ethvlene/a- olefin copolymer rubber f R 

15 

[0166] The linear or long-chain branched ethylene/a-olefin copolymer rubber (F) is prepared by random copolym- 
erizing ethylene and an a-olefin of 3 to 20 carbon atoms in the presence of a specific metallocene catalyst 
[0167] There is no specific limitation on the metallocene catalyst employable in the invention, except that the met- 
allocene catalyst contains a metallocene compound [a]. For example, the metallocene catalyst may be formed from the 
20 metallocene compound [a] and an organoaluminum oxy-compound [b] and/or a compound [c] which reacts with the 
metallocene compound [a] to form an ion pair, or the catalyst may be formed from the metallocene compound [a], the 
organoaluminum compound [b] and/or the compound [c], and the organoaluminum compound [d]. 
[0168] Details of the metallocene catalyst and the copolymerization process will be described later. 

25 Qlofjn rubber (Q) 

[0169] The olefin rubber (G). which is optionally used in the invention, is for example an amorphous random elastic 
copolymer containing not less than 50 % by mol of an a-olefin of 2 to 20 carbon atoms. In the invention, the olefin rubber 
(G) can be used in combination with rubbers other than the olefin rubber (G) t e.g., diene rubbers such as styrene/buta- 
30 diene rubber (SBR). nrtrile rubber (NBR), natural rubber (NR) and butyl rubber (MR), and polyisobutylene rubber, as far 
as it is not prejudicial to the objects of the invention. 

[0170] In the present invention, the olefin rubber (G) is used in an amount of 1 to 40 parts by weight, preferably 5 
to 35 parts by weight, more preferably 5 to 30 parts by weight, based on 1 00 parts by weight of the total amount of the 
crystalline polyolefin resin (E), the ethylene/a-olefin copolymer rubber (F), the olefin rubber (G) and the softener (H). 
35 When the olefin rubber (G) is used in this amount, a thermoplastic elastomer composition capable of providing a 
molded product of good flexibility can be obtained. 

[0171] The amorphous random elastic copolymer includes an a-olefin copolymer of two or more kinds of a-olefins 
and an a-olefin/nonconjugated diene copolymer of two or more kinds of a-olefins and a nonconjugated diene. 
[0172] Examples of such copolymers include the following rubbers: 

40 

(1) an ethylene/a-olefin copolymer rubber 
[0173] 

45 (ethylene units/a-olef in unHs (by mol) = about 90/1 0 to 50/50), 

(2) an ethylene/a-olefin/nonconjugated diene copolymer rubber 
[0174] 

50 

(ethylene units/a-olef in units (by mol) = about 90/10 to 50750), 

(3) a propylene/a-olef in copolymer rubber 
55 [0175] 

(propylene units/a-olef in units (by mol) = about 90/10 to 50/50), and 
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(4) a butene/a-olefin copolymer rubber 
[0176] 

5 (butene units/a -olefin units (by mol) « about 90/10 to 50/50). 

[0177] Examples of the a-olefins include ethylene, propylene, 1-butene, 4-methyl-1-pentene, 1-hexene and 1- 
octene. 

[0178] Examples of the nonconjugated dienes include dicyclopentadiene, 1 ,4-hexadiene, cyclooctadiene, methyi- 
10 ene norbornene and ethylidene norbornene. 

[0179] The ethyl ena/a-olefin/nonconjugated diene copolymer rubber (2) wherein the above-mentioned nonconju- 
gated diene is copolymerized has an iodine value of preferably not more than 25. 

[0180] The copolymer rubbers (1) to (4) have a Mooney viscosity (ML 1+4 (100°C)) of 10 to 250. preferably 30 to 150. 
is $pftener (H) 

[0181] The softener (H), which is optionally used in the invention, is the same as the softener (C) previously 
described. 

[0182] In the present invention, the softener (H) is used in an amount of 1 to 40 parts by weight, preferably 5 to 35 
20 parts by weight, more preferably 5 to 30 parts by weight, based on 100 parts by weight of the total amount of the crys- 
talline polyolef in resin (E) and the ethyiene/a-olef in copolymer rubber (F). When the softener (H) is used in this amount, 
a thermoplastic elastomer composition having good fluidity in the molding process can be obtained. 

Other cpmponsnte 

25 

[0183] To the olefin thermoplastic elastomer composition (3), (4) according to the invention, additives such as con- 
ventionally known heat stabilizer, weathering stabilizer, anti-aging agent, antiseptic agent, filler, colorant and lubricant 
can be added as far as it is not prejudicial to the objects of the invention. 

30 pigfin therrnqpiastfe elastpmsr cpmpfisitipn.P), (4) 

[0184] In the olefin thermoplastic elastomer composition (3), (4), a ratio of the total amount or the polymer compo- 
nents to the total amount of the crystalline poiyolefin resin (E), the ethylene/a-olefin copolymer rubber (F). the olefin 
rubber (G) and the softener (H), namely, a ratio of the total amount of the crystalline poiyolefin resin (E) f the ethylene/a- 
35 olefin copolymer rubber (F) and the olefin rubber (Q) to the total amount of the components (E), (F), (Q) and (H), is in 
the range of 60 to 100 % by weight. 

prspanatiQn Q f olefin thftrmoplflafo elastomer gompQsitiQn 

40 [0185] The olefin thermoplastic elastomer composition (3). (4) can be prepared by a process similar to the process 
for preparing the aforesaid olefin thermoplastic elastomer composition (1). (2). That is, the crystalline poiyolefin resin 
(E) and the ethylene/a-olefin copolymer rubber (F) and optionally the olefin rubber (G) and/or the softener (H) are 
blended in a specific ratio, and the blend is dynamically heat-treated in the presence of the organic peroxide so as to 
partially or completely crosslink the blend. 

45 [0186] The organic peroxide is used in an amount of 0.05 to 3 % by weight, preferably 0. 1 to 2 % by weight, based 
on the whole object to be crosslinked, i.e., based on 100 % by weight of the total amount of the crystalline poiyolefin 
resin (E), the ethylene/a-olefin copolymer rubber (F), the olefin rubber (G) and the softener (H). 
[0187] The crossJinWng assistant or the polyfunctional vinyl monomer is desirably used in an amount of 0. 1 to 3 % 
by weight, particularly 0.3 to 2 % by weight, based on 100 % by weight of the whole object to be crosslinked. 

so [0188] By the term "dynamically heat-treating" is meant that a Wend of the components is kneaded in a molten 
state. 

[0189] The dynamic heat treatment can be carried out using various kneading devices such as a mixing roll, an 
intensive mixer (e.g., Banbury mixer, kneader) and a single-screw or twin-screw extruder, but is preferably carried out 
using kneading devices of closed type. The dynamic heat treatment is preferably carried out in an atmosphere of inert 
55 gas such as nitrogen. 

[0190] The kneading operation is desirably carried out at a temperature at which the half-life period of the organic 
peroxide used corresponds to less than one minute. The kneading temperature is in the range of usually 150 to 280 °C, 
preferably 170 to 240 °C. and the kneading time is in the range of usually 1 to 20 minutes, preferably 1 to 5 minutes. 
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The shear force applied in the kneading operation is in the range of usually 10 to 10,000 sec* 1 , preferably 1 00 to 10,000 
sec* 1 , in terms of shear rate. 

[0191 ] Through the above operation, an olefin thermoplastic elastomer composition (3), (4) wherein the ethylene/a- 
olefin copolymer rubber (F), further the olefin rubber (G) and the crystalline polyolefin resin (E) are partially or com- 
pletely crosslinked can be obtained. 

[0192] By the expression "the thermoplastic elastomer composition is partially crosslinked** used herein is meant 
that the gel content measured in the manner previously described is not less than 10 % by weight, preferably 20 to 99.5 
% by weight, particularly preferably 30 to 97 % by weight By the expression "the thermoplastic elastomer composition 
is completely crosslinked" is meant that the gel content is more than 99.5 % by weight. 
[0193] Next, the components for forming the metallocene catalyst used in the invention are described. 

MetaHQCene compound [a] 

[0194] The metallocene compound [a] used in the preparation of the linear ethylene/a-olefin/nonconjugated poly- 
ene copolymer rubber (B1) and the linear ethylene/a-olefin copolymer rubber (F1) is, for example, a compound repre- 
sented by the following formula [I]. 

ML X [I] 

[0195] In the formula [I], M is a transition metal selected from Group IVB of the periodic table, specifically, zirco- 
nium, titanium or hafnium, and x is a valence of the transition metal. 

[0196] L is a ligand coordinated to the transition metal. At least one ligand L is a ligand having cyclopentadienyl 
skeleton, and the ligand having cyclopentadienyl skeleton may have a substrtuent 

[0197] Examples of the ligands having cyclopentadienyl skeleton include cyclopentadienyl group; alkyl or cycloalkyl 
substituted cyclopentadienyl groups, such as methylcyclopentadienyl, ethylcyclopentadienyl, n- or i-propylcyclopenta- 
dienyl, n-, i- ( sec- or t-butylcyclopentadieny», hexylcyclopentadienyl, octylcyclopentadienyl, dimethylcyclopentadienyl, 
trimethylcyclopentadienyl, tetramethylcyclopentadienyl, pentamethylcyclopentadienyl, methylethylcyclopentadienyl, 
methylpropylcyclopentadienyl, methylbutylcyclopentadienyl, methylhexylcyclopentadienyl, methylbenzylcyclopentadi- 
enyl, ethylbutylcyclopentadienyl, ethylhexylcyclopentadienyl and methylcyclohexylcyclopentadienyl; indenyl group; 
4,5,6,7-tetrahydroindenyl group; and fluorenyl group. 

[0198] These groups may be substituted with halogen atoms or trialkylsilyl groups. 
[0199] Of the above groups, particularly preferable are alkyl substituted cyclopentadienyl groups. 
[0200] When the compound represented by the formula [I] has two or more groups having cyclopentadienyl skele- 
ton as the ligands L, two of them may be bonded to each other through an alkylene group such as ethylene or propyl- 
ene, a substituted alkylene group such as isopropylidene or diphenyl methylene, a silylene group, or a substituted 
silylene group such as dimethyisilylene, diphenylsilylene or methytphenyisilylene. 

[0201] Examples of L other than the ligand having cyclopentadienyl skeleton (sometimes referred to simply as 
"other L" hereinafter) include hydrocarbon groups of 1 to 12 carbon atoms, alkoxy groups, aryloxy groups, halogen 
atoms, hydrogen and sulfonic acid-containing groups (-S0 3 R a wherein the R a is an alkyl group, an alkyl group substi- 
tuted with a halogen atom, an aryl group, or an aryl group substituted with a halogen atom or an alkyl group). 
[0202] Examples of the hydrocarbon groups of 1 to 12 carbon atoms include alkyl groups, cycloalkyl groups, aryl 
groups and aralkyl groups. 

[0203] More specifically, there can be mentioned: 

alkyl groups, such as methyl, ethyl, n -propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, pentyl, hexyl, octyl, decyl 
and dodecyl; 

cycloalkyl groups, such as cyclopentyl and cyclohexyl; 
aryl groups, such as phenyl and tolyl; and 
aralkyl group, such as benzyl and neophyl. 

[0204] Examples of the alkoxy groups include methoxy. ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec- 

butaxy, t-butoxy, pentoxy, hexoxy and octoxy. 

[0205] Examples of the aryloxy groups include phenoxy 

[0206] Examples of the sulfonic acid-containing group (-SC^R*) include methanesulfdnato, p-toluenesurfonato, tri- 
fluoromethansulfonate and p-chlorobenzenesurfonato. 

[0207] Examples of the halogen atoms Include fluorine, chlorine, bromine and iodine. 

[0208] The metallocene compound of the above formula wherein the valence of the transition metal is 4 is more is 
specifically represented by the following formula [I -a]: . 
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R* K R3 |R 4 m R5 nM 



[l-a] 



wherein M is the above-mentioned transition metal, R 2 is a group (ligand) having cyclopentadienyl skeleton, R 3 , R 4 and 
r 5 are each independently a group having cyclopentadienyl skeleton or the other L in the above formula [IJ. k is an inte- 
5 ger of not less than 1 , and k+l+m+n = 4 . 

[0209] Listed below are examples of the metallocene compounds containing zirconium as M and containing at least 
two ligands having cyclopentadienyl skeleton. 

Bis (cydoperrtadienyi)zirconium monochioride monohydride, 
10 Bis(cyclopentadienyt)zirconium dichlorkle, 

Bis(cyclopentadienyl)zirconium dtoromide, 

Bis(cyclopentadienyl)methylzirconium monochioride, 

Bis(cyclopentadienyl)zirconium phenoxymonochloride, 

Bis(methylcyclopentadienyi)zirconium dichloride. 
15 Bis(ethylcyclopentadienyl)zirconium dichloride, 

Bis(n-propylcyclopentadienyl)zirconium dichloride. 

Bis(isopropylcyclopentadienyl)zirconium dichloride, 

Bis(t-butylcyclopentadienyl)zirconium dichloride, 

Bis(n-butylcyclopentadienyl)zirconium dichloride, 
20 Bis(sec-butylcydcperrtadienyl)zirconium dichloride, 

Bis(isobutylcydopentadieny1)zirconium dichloride, 

Bis(hexylcyclopentadienyl)zirconium dichloride, 

Bis(octylcyclopentadienyl)zirconium dichloride, 

Bis(indenyl)zirconium dichloride, 
25 Bis(4,5,6, 7-tetrahydroindenyl)zirconium dichloride, 

Bis(indenyl)zirconium dibromide, 

Bis(cyclopentadienyl)zirconium dimethyl, 

Bis(cyclopentadienyl)zirconium methoxychloride, 

Bis(cyclopentadienyl) zirconium ethoxychloride, 
30 Bis(f luorenyl)zirconium dichloride, 

Bis(cyclopentadienyl)zirconiumbis(methanesulfonato). 

Bis(cycloperttadienyl)zirconiumbis(p-toluenesulfonato), 

Bis(cycloperttadienyl)zirconiurnbis(trifIuoromethanesuHonato), 

Bis(methylcydopentadienyl)zirconiumbis(trifluoromethanesulfonato), 
35 Bis(ethylcyclopentadienyl)zirconiumbis(trifluoromethanesulfonato), 

Bis(propylcyclopentadienyl)zirconiumbi6(trifluoromethanesulfonato), 

Bis(butyfcyclopentadienyl)zirconiumbis(trifluoromethanesulf6nato), 

Bts(hexylcyclopentadienyl)zirconiumbis(trifturomethanesulfonato), 

Bis(1,3<iimethylcyclopentadienyl)zirconium-b^ 
40 Bis(1<nethyl-3-ethylcydopemadienyl)2iraDnium^is(trtfluoromethanesulfo 

Bis(1-meth^-3i3ropylcydopentadien^^ 

Bis0-methyl-3*utylcyclopentadieny^ 

Bis(1 ,3-dimethylcyclopentadienyl)zirconium dichloride, 

Bis(1 -methyl-3-ethylcyclopentadienyl)2irconium dichloride. 
45 Bis(1 -methyl-3-propylcydopentadienyl)zirconium dichloride. 

Bis(1 -methyl-3-butylcyclopentadienyl)zirconium dichloride. 

Bis(1 -methyl-3-hexyicyclopentadienyl)zirconium dichloride, 

Bis(1 -methyl-3-octylcycloperrtadienyl)zirconium dichloride, 

Bis(1 -ethyl-3-butylcyclopentadienyl)zirconium dichloride, 
so Bis(trimethylcydopentadienyl)zirconium dichloride, 

Bis(tetramethylcyclopentadienyl)zirconium dichloride, 

Bis(pentamethylcycloperrtadienyl)zirconium dichloride, 

Bis(methylbenzylcyclopentadienyl)2irconium dichloride. 

Bis(ethylhexylcydopentadieny1)zirconium dichloride, and 
55 Bis(methylcydohexylcyclopentadienyl)zirconium dichloride. 

[0210] Also employable in the invention are compounds wherein the 1,3-position substituted cyclopentadienyl 
group is replaced with a 1,2-position substituted cyclopentadienyl group in the above-exemplified compounds. 
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[0211] Further, also employable is a bridge type metallocene compound represented by the above formula [l-a] 
wherein at least two of R 2 , R 3 , R 4 and R 5 , e.g., R 2 and R 3 , are groups (ligands) having cyclopentadienyl skeleton, and 
these at least two groups are bonded to each other through an alkylene group, a substituted alkylene group, a silylene 
group or a substituted 6ilylene group. In thi6 case, R 4 and R 5 are each independently the other L, which is described in 
5 the formula [I]. 

[0212] Listed below are examples of such bridge type metallocene compounds. 

Ethylenebi6{indenyl)dimethylzirconium, 

Ethylenebis(indenyl)zirconium dichloride, 
io EthylenebisOrKlenyl)zirc»niumb!s(trifluoromethanesulfonato), 

Etl^lenebis(indenyl)zir(X>niumbis(methanesulfonato), 

EthylenebisOndenyl)zirconiumbis(p-toluenesuKonato), 

Ethylenebis(indenyl)zirconiumbis(p-chlorobenzenesulfonato), 

Ethylenebis(4,5,6,7-tetrahydroindenyl)zirconium dichloride, 
75 lsopropylidene(cycloperrtadienyl-fluorenyl)zirconium dichloride, 

lsopropyltdene(cyc!opemadienyl-methy1cyclopentadienyl)zirconium dichloride, 

Dimethylsilylenebis(cydoperrtadienyl)zirconium dichloride, 

Dimethylsilylenebis(methylcyclopentadienyl)zircontum dichloride, 

Dimethylsiiylenebis(dimethylcyclopentadienyl)zirconium dichloride, 
20 Dimethylsilylenebis(trimethylcyclopentadienyl)-zirconium dichloride, 

Dimethylsilylenebis(indenyl)zirconlum dichloride, 

Dimethylsilylenebis(indenyl)zir<»niumbis(trifluoromethanesulfor^ 

Dimethylsilytenebis(4 ) 5 I 6,7-tetrahydroindenyl)zirconium dichloride, 

Dimethylsily)enebis(cyclopentadienylfluorenyl)zirconium dichloride, 
25 Dipheny1silylenebis(indenyl)zircontum dichloride, and 

Methytphdnytsilylenebis(indenyl)zirconium dichloride. 

[0213] Furthermore, a metallocene compound of the following formula [A], which is described in Japanese Patent 
Laid-Open Publication No. 268307/1992, is also employable. 

30 



35 



40 



45 




50 

[0214] In the formula (A), M 1 is a metal of Group IVB of the periodic table, specifically, titanium, zirconium or haf- 
nium. 

[0215] R 1 and R 2 may be the same as or different from each other, and are each hydrogen, an alkyl group of 1 to 
10 carbon atoms, preferably 1 to 3 carbon atoms, an alkoxy group of 1 to 10 carbon atoms, preferably 1 to 3 carbon 
55 atoms, an aryl group of 6 to 1 0 carbon atoms, preferably 6 to 8 carbon atoms, an aryloxy group of 6 to 1 0 carbon atoms, 
preferably 6 to 8 carbon atoms, an alkenyl group of 2 to 10 carbon atoms, preferably 2 to 4 carbon atoms, an arylalkyl 
group of 7 to 40 carbon atoms, preferably 7 to 12 carbon atoms, an alkyfaryl group of 7 to 40 carbon atoms, preferably 
7 to 1 2 carbon atoms, an arylalkenyl group of 8 to 40 carbon atoms, preferably 8 to 1 2 carbon atoms, or a halogen atom, 
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preferably chlorine. 

[0216] R 3 and R 4 may be the same as or different from each other, and are each hydrogen, a halogen atom, pref- 
erably fluorine, chlorine or bromine, an alkyl group of 1 to 10 carbon atoms, preferably 1 to 4 carbon atoms, which may 
be halogenated, an aryl group of 6 to 10 carbon atoms, preferably 6 to 8 carbon atoms, or a group or -NR 10 2 , -SR 10 , - 
5 OSiR 10 3, -SiR 10 3 or -PR 10 2 (the R 10 is a halogen atom, preferably chlorine, an alkyl group of 1 to 10 carbon atoms, pref- 
erably 1 to 3 carbon atoms, or an aryl group of 6 to 1 0 carbon atoms, preferably 6 to 8 carbon atoms). 
[0217] R 3 and R 4 are each preferably hydrogen. 

[0218] R 5 and R 6 may be the same as or different from each other, preferably the same as each other, and R 5 and 
R 6 are the same as R 3 and R 4 but each of R 5 and R 6 is not hydrogen. R 5 and R 6 are each preferably an alkyl group of 
w 1 to 4 carbon atoms which may be halogenated, specifically, methyl, ethyl, propyl, isopropyl, butyl, isobuty! or trifluor- 
omethyl, preferably methyl. 

[021 9] R 7 is represented by the following formulae: 
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so oBR 11 , -AIR 11 . -Ge-, -Sn- ( -O-, -S-. =SO, =S0 2 , -NR 11 , =CO, =PR 11 or =P(0)R 11 wherein the R 11 , R 12 and R 13 may 
be the same as or different from each other; and they are each hydrogen, a halogen atom, an alkyl group of 1 to 10 
carbon atoms, preferably 1 to 4 carbon atoms, more preferably methyl, a fluoroalkyl group of 1 to 10 carbon atoms, pref- 
erably CF 3 , an aryl group of 6 to 10 carbon atoms, preferably 6 to 8 carbon atoms, a fluoroaryl group of 6 to 10 carbon 
atoms, preferably pentafluorophenyl, an alkoxy group of 1 to 10 carbon atoms, preferably 1 to 4 carbon atoms, particu- 

35 larly preferably methoxy, an alkenyl group of 2 to 10 carbon atoms, preferably 2 to 4 carbon atoms, an arylalkyl group 
of 7 to 40 carbon atoms, preferably 7 to 10 carbon atoms, an arylalkenyi group of 8 to 40 carbon atoms, preferably 8 to 
1 2 carbon atoms, or an alkylaryl group of 7 to 40 carbon atoms, preferably 7 to 1 2 carbon atoms; or R 1 1 and R 1 2 or R 1 1 
and R 13 may form a ring together with an atom to which they are bonded. 
[0220] M 2 is silicon, germanium or tin, preferably silicon or germanium. 

40 [0221] R 7 is preferably =CR 11 R 12 , =SiR 11 R 12 oGeR 11 R 12 , -O-, -S-, =SO, =PR 11 or =P(0)R 11 . 
[0222] R 8 and R 9 may be the same as or different from each other, and they are the same as R 11 . 
[0223] m and n may be the same as or different from each other, and are each 0, 1 or 2, preferably 0 or 1 . and m+n 
is 0, 1 or 2, preferably 0 or 1 . 

[0224] Particularly preferred metallocene compounds satisfying the above conditions are those represented by the 
45 following formulae (i) to (iii). 
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[0225] In the above formulae (i), (it) and (iii), M 1 is Zr or Hf, R 1 and R 2 are each methyl or chlorine, R s and R 6 are 
each methyl, ethyl or trifluoromethyl, and R 8 , R 9 , R 10 and R 1 2 are the same as ones described above. 
25 [0226] Of the compounds represented by the formulae (i), (ii) and (iii), the following compounds are particularly 
preferable. 

rac-Ethylene(2-methyl-l -indenyl) 2 -zirconium dichloride, 

rac-Dlmethylsilylene(2-methyl-1-indenyl) 2 -zirconium dichloride, 
30 rac-Dimethylsilylene(2-methyl-1-indenyl) 2 -zirconium dimethyl, 

rac-Ethylene(2-methyM -indenyl) 2 -zirconium dimethyl, 

rac-Phenyl(methyl)sily1ene-(2-methyl*lHndenyl)2- zirconium dichloride, 

rac-Diphenyl-s!lylene-(2-methyl-1 -indenyl) 2 -zirconium dichloride, 

rac-Methylethylene(2-methyl-1-indenyl) 2 -zirconium dichloride, and 
35 rac-Dimethylsilylene(2-ethyl-1 -indenyl) 2 -zirconium dichloride. 

[0227] The metallocene compounds mentioned above can be prepared by conventionally known processes (see: 
Japanese Patent Laid-Open Publication No. 268307/1992). 

[0228] In the present invention, a transition metal compound (metallocene compound) represented by the following 
40 formula [B] is also employable. 
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55 

[0229] In the formula [B], M is a transition metal atom or Group IVB of the periodic table, specif ically, titanium, zir- 
conium or hafnium. 

[0230] R 1 and R 2 are each independently hydrogen, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, 
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a halogenated hydrocarbon group of 1 to 20 carbon atoms, a silicon-containing group, an oxygen-containing group, a 
sulfur-containing group, a nitrogen-containing group or a phosphorus-containing group. 
[0231] Examples of the halogen atoms include fluorine, chlorine, bromine and iodine. 

[0232] Examples of the hydrocarbon groups of 1 to 20 carbon atoms include alky! groups, such as methyl, ethyl, 
5 propyl, butyl, hexyl, cyclohexyl, octyt, nonyl, dodecyt, eicosyl, norbornyl and adamantyl; alkenyl groups, such as vinyl, 
propenyl and cyclohexenyl; aryialkyl groups, such as benzyl, phenylethyl and phenylpropyl; and aryl groups, such as 
phenyl, tolyl, dimethylphenyl, trimethylphenyl, ethylphenyl, propylphenyl, biphenyl, naphthyl, methyl naphthyl, anthrace- 
nyl and phenanthryl. 

[0233] Examples of the halogenated hydrocarbon groups include those wherein the above-exemplified hydrocar- 

10 bon groups are substituted with halogen atoms, 

[0234] Examples of the silicon-containing groups include monohydrocarbon-substituted silyl groups, such as meth- 
ytsilyl and phenylsilyl; dihydrocarbon-substituted silyl groups, such as dimethylsilyl and diphenylsilyl; trihydrocarbon- 
substituted silyl groups, such as trimethylsilyl, triethylsilyl, tripropyisilyl. tricyolohexylsilyl. triphenylsilyt. dimethylphenyls- 
Hyl. methyldiphenytsilyl. trttolylsilyl and trinaphthylsilyl; silyl ethers of the hydrocarbon-substituted silyls. such as trimettv 

75 ylsilyl ether; silicon-substituted alky! groups, such as trimethylsilytmethyl; and silicon-substituted aryl groups, such as 
trimethylsilylphenyt. 

[0235] Examples of the oxygen-containing groups include hydroxyl group; alkoxy groups, such as methoxy, ethoxy, 
propoxy and butoxy ; aryloxy groups, such as phenoxy, methyiphenoxy, dimethylphenoxy and naphthoxy; and arylalkoxy 
groups, such as phenylmethoxy and phenylethoxy. 
20 [0236] Examples of the sulfur-containing groups include substituents wherein oxygen is replaced with sulfur in the 
above-exemplified oxygen-containing groups. 

[0237] Examples of the nitrogen-containing groups include amino group; alkylamino groups, such as methylamino, 
dimethylamino, diethyiamino, dipropylamino, dibutyiamino and dicyclohexylamino; and arylamino or alkylarylamino 
groups, such as phenylamino. diphenylamino, ditolylamino. dinaphthylamino and methytphenylamino. 
25 [0238] Examples of the phosphorus-containing groups include phosphino groups, such as dimethylphosphino and 
diphenylphosphino. 

[0239] Of these, R 1 is preferably a hydrocarbon group, particularly preferably a hydrocarbon group of 1 to 3 carbon 
atoms, i.e., methyl, ethyl or propyl. R 2 is preferably hydrogen or a hydrocarbon group, particularly preferably hydrogen 
or a hydrocarbon group of 1 to 3 carbon atoms, I.e., methyl, ethyl or propyl. 
30 [0240] R 3 , R 4 , R s and R 6 are each independently hydrogen, a halogen atom, a hydrocarbon group of 1 to 20 carbon 
atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms. Of these, hydrogen, the hydrocarbon group or the 
halogenated hydrocarbon group is preferable. At least one pair out of pairs of R 3 and R 4 , R 4 and R 5 , and R 5 and R 6 
may form a monocyclic aromatic ring together with a carbon atom to which they are bonded. 

[0241 ] When there are two or more hydrocarbon groups or halogenated hydrocarbon groups, the groups other than 
35 those for forming the aromatic ring may be bonded to each other to torn a ring. When R 6 is a substituent other than the 
aromatic group, it is preferably hydrogen. 

[0242] Examples of the halogen atoms, the hydrocarbon groups of 1 to 20 carbon atoms and the halogenated 
hydrocarbon groups of 1 to 20 carbon atoms are the same as those described for R 1 and R 2 . 
[0243] Examples of the ligands. which contain a monocyclic aromatic ring formed by at least one pair of R 3 and R 4 . 
40 R 4 and R 5 , and R 5 and R 6 and which is coordinated to M, include the following ones. 
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[0244] Of these, the ligand represented by the formula (1) is preferable. 

[0245] The aromatic ring may be substituted with a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or 
a halogenated hydrocarbon group of 1 to 20 carbon atoms. 

[0246] Examples of the halogen atoms, the hydrocarbon groups of 1 to 20 carbon atoms and the halogenated 
hydrocarbon groups of 1 to 20 carbon atoms used as the substituents of the aromatic ring are the same as those 
described for R 1 and R 2 

[0247] X 1 and X 2 are each independently hydrogen, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, 
a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing group. 
[0248] Examples of the halogen atoms, the hydrocarbon groups of 1 to 20 carbon atoms, the halogenated hydro- 
carbon groups of 1 to 20 carbon atoms and the oxygen-containing groups are the same as those described for R 1 and 
R 2 

[0249] Examples of the sulfur-containing groups include the same groups as described for R 1 and R 2 ; sulfonato 
groups, such as methylsulfonato, trifluoromethanesutfonato. phenylsulfonato, benzylsulfonato, p-toluenesulfonato, tri- 
methylbenzenesulfonato. triisobutylbenzenesulfonato, p-chlorobenzenesulfonato and pentafluorobenzenesulfonato; 
and sulfinato groups, such as methylsulfinato. phenylsulfinato, benzylsulfinato, p-toluenesulfinato. trimethylbenze- 
nesutfinato and pentaf luorobenzenesulfinata 

[0250] Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 
to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin-contain- 
ing group, -O-, -CO-, -S-, -SO-, -S0 2 -, -NR 7 -, -P(R 7 )-, -P(0)(R 7 )-. -BR 7 - or -AIR 7 - (the R f is hydrogen, a halogen atom, 
a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). 
[0251] Examples of the divalent hydrocarbon groups of 1 to 20 carbon atoms include alkyte™ groups, such as 
methylene, dimethylmethylene, 1 ,2-ethylene, dimethyl-1 ,2-ethylene, 1,3-trimethylene, 1 ,4-tetramethylene, 1,2- 
cyclohexylene and 1 ,4-cyclohexylene; and arylalkylene groups, such as diphenylmethylene and diphenyl-1 ,2-ethylene. 
[0252] Examples of the divalent halogenated hydrocarbon groups include those wherein the above-exemplified 
divalent hydrocarbon groups of 1 to 20 carbon atoms are halogenated, such as chloromethytene. 
[0253] Examples of the divalent silicon-containing groups include alkylsilylene, alkylarylsilylene and arylsilylene 
groups, such as methylsilylene, dimethylsilylene, diethylsilylene, di(n-propyl)silyiene, di(i-propyi) silylene, 
di(cyclohexyl)silylene, methylphenylsilylene, diphenylsilylene, di(p-tolyl)silylene and di(p-chlorophenyl)silylene; and 
alkyldisilylene, alkylaryldisilylene and aryldisilylene groups, such as tetramethyl-1 ,2-disilylene and tetraphenyl-1 ,2-dis- 
ilylene. 

[0254] Examples of the divalent germanium-containing groups include those wherein silicon is replaced with ger- 
manium in the above-exemplified divalent silicon-containing groups. 

[0255] Examples of the divalent tin-containing groups include those wherein silicon is replaced with tin in the above- 
exemplified divalent silicon-containing groups. 

[0256] R 7 is the same halogen atom, hydrocarbon group of 1 to 20 carbon atoms or halogenated hydrocarbon 
group of 1 to 20 carbon atoms as described for R 1 or R 2 . 

[0257] Of the above groups, preferable are divalent silicon-containing groups, divalent germanium-containing 
groups and divalent tin-containing group, and more preferable are divalent silicon-containing groups. Among them, par- 
ticularly preferable are alkylsilylene groups, alkylarylsilylene groups and arylsilylene groups. 
[0258] Listed below are examples of the transition metal compounds represented by the formula [B]. 
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*1: R s and R 11 are bonded zo each other to form a five- 
membered ring. 

Me: methyl; Et: ethyl; ?h: phenyl. 
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*2: R 3 and R 12 , and R 5 and R 15 are bonded to each other to 
form a five -member ed ring, respectively. 
Me: methyl; ?h: phenyl 
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[0259] Also employable in the invention are transition metal compounds wherein zirconium is replaced with titanium 
or hafnium in the above-mentioned compounds. 
3S [0260] A racemic modification of the transition metal compound is generally used as the olefin polymerization cat- 
alyst component, but R type or S type is also employable. 

[0261 ] The indene derivative ligands of the transition metal compounds can be synthesized in accordance with ordi- 
nary organic synthesis through, for example, the reaction route described below. 
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40 [0262] A, B and C represent halogen atoms. 

[0263] The transition metal compounds employable in the invention can be synthesized from these indene deriva- 
tives in accordance with conventionally known processes, for example, a process described in Japanese Patent Laid- 
Open Publication No. 268307/1992. 

[0264] In the present invention, a transition metal compound (metallocene compound) represented by the following 
45 formula [CJ is also employable. 
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[0265] In the formula [C], M, R 1 f R 2 , R 3 R 4 R 5 and R 6 are the same as those in the aforesaid formula [B]. 
[0266] Among R 3 , R 4 , R 5 and R 6 , two groups including R 3 are preferably alkyl groups, and it is more preferred that 
R 3 and R 5 , or R 3 and R 6 are alkyl groups. These alkyl groups are preferably secondary or tertiary alkyl groups, and they 
20 may be substituted with halogen atoms or silicon-containing groups. Examples of the halogen atoms and the silicon- 
containing groups include the same substituents as described for R 1 and R 2 . 

[0267] Of the groups indicated by R 3 , R 4 , R 5 and R 6 , groups other than the alkyl groups are each preferably hydro- 
gen. 

[0268] Examples of the alkyl groups (the hydrocarbon groups of 1 to 20 carbon atoms) include chain alkyl groups 
25 and cyclic alkyl groups, such as methyl, ethyl, n-propyt, i-propyl, rvbutyl, i-butyl. sec-butyl, tert-butyl. perrtyl, hexyl, 

cyclohexyl, heptyl, octyl, nonyl, dodecyl, eicosyl, norbomyl and adamantyl; and arylalkyl groups, such as benzyl, phe- 

nylethyl, phenylpropyl and tolylmethyl. These groups may contain a double bond or a triple bond. 

[0269] Two groups selected from R 3 , R 4 f R 6 and R 6 may be bonded to each other to form a monocyclic or polycyclic 

ring other than the aromatic ring. 
30 [0270] Examples of the halogen atoms are the same as those described for R 1 and R 2 . 

[0271] X 1 , X 2 , Y and R 7 are the same as those in the aforesaid formula [B]. 

[0272] Listed below are examples of the metallocene compounds (transition metal compounds) represented by the 
formula [C]. 

35 rac-Dimethylsilylene-bis(4,7-dimethyl-1 -indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2,4 ( 7-trimethy!-1 -indenyl)zirconium dichloride, 

rac-Dtmethylsilylene-bis(2,4,6-trimethyl-1 -indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2,5 t 6-trimethyl-1 -indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2,4,5,6-tetramethyl-1-indenyl)zirconium dichloride, 
40 rac-Dimethylsilylene-bis(2,4 f 5,6,7-pentamethyl-1 -indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2-methyl-4-n-propyl-7-metryl-1-indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(4-i-propyl-7-methyl-1 -indenyl)zirconium dichloride, 

rac-Dimethylsilylene*bis(2-methyl-4-i-propyl-7-methyl-1-indeny0zirconium dichloride, 

rac-Dimethylsilylene-bis(2-methyM-i-propy^ dichloride, 
45 rac-Dimethylsilylene-bis(2-methyl-4-methyl-6-i-propyl-1 -indenyQzirconium dichloride, 

mc-Dimethylsilylene-bis(2-methyi-4-i-propy!-5-methyl-1-irdenyl)zirconium dichloride, 

rac-Dimethylsilyl-bis(2-methyl-4,6-di(i-propyl)-l-indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2-methyl-4 f 6-di(i-propyl)-7-methyl-1-indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2-methyi-4-i-butyl-7-methyl-1 -indenyl)zirconium dichloride. 
so rac-Dimethylsilylene-bis(2-methyl-4-sec-butyl-7-methyl-1 -indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2^ethyl^,6Kji(sec*utyl)-1-irKlenyl)zirconium dichloride, 

rac-Dimethyisilylene-bis(2-methy1-4-tert-butyl-7-methyl-1 -indenyQzirconium dichloride, 

rac-Dimethylsilylene-Ws(2-methyl-4^ycto dichloride, 

mc-Dimethytsilylene-bis(2-methyl-443enzyl-7-methyl-1-indenyl)zirconi 
55 rac-Dimethylsilylene-bis(2-meth^-4-phenylethy1-7-methyl-1 -indenyl)zirconium dichloride. 

rac-Dimeth^silylene-bis(2-methy1-4^henyM dichloride. 

rac-Dimethylsilylene-bis(2-methyl-4-chloromethyl-7-methyl- 1 -(ndenyl)zlrconium dichloride. 

iHC-Dimethylsilylene-bis(2-methyW-trimetty^ dichloride. 
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rac-Dimethylsilylene-bis(2-methyl-4-trimetty^ dichloride, 
rac-Diethylsilylene-bis(2-methyl-4-i-propyl-7-m dichloride, 
rac-Di(i-propyl)silylene-bis(2-methyl-4-i-pro^ dichloride, 
rac-Di(n-butyl)silylerie-bis(2-methyl-4-i-propyl-7-methyl-1 -indenyl)zirconium dichloride, 
rac-Di(cydohexyl)silylene-bis(2-methyl-4-t-pro^ dichloride, 
rac-Methylphen^silylene-bis(2-methyl^^ dichloride, 
rac-Diphenylsilylene-bis(2-methyl-4-i-propyl-7-methyl-1 -indenyl)zirconium dichloride, 
rac-Diphenyisilylene^is(2-methyM l 6<ii(i-propyi)-1-indenyl)2irtx)nium dichloride, 
rac-Di(p-tolyl)silylene*is(2-methyl-4H-propyl-7-methyl-1-indenyl)2ir^ dichloride, 
rac-Di(p-c^lorophenyl)silylene-bis(2-m dichloride, 
rac-Dimethylsilylene-bis(2-methyl-4-i -propyl-7-methyl- 1 -indenyl)zirconium dibromide, 
rac-Dimethylsilylene-bis(2-methyl-4-i-pr^^ dimethyl, 
rac-Dimethylsilylene-bis(2-methyl-4-i-prop^^ methylchloride, 
rac-Dimemylsilylene-bis(2-methyM-i-prc^^ 
rac-Dimethylsilylene-bis(2-methyM-iiDr^ 

rac-Dimethylsilylene-bis(2-methyl-3-meth^ dichloride, 
rac-Dimethylsilylene-bis(2-ethyl-4-i-pro^ and 
rac-Dimethylsilylene-bis(2-phenyl-4-i-pr(^ dichloride. 

[0273] Also employable in the invention are transition metal compounds wherein zirconium is replaced with titanium 
or hafnium in the above-exemplified compounds. 

[0274] A racemic modification of the transition metal compound is generally used, but R type or S type is also 
employable. 

[0275] The indene derivative ligands of the transition metal compounds can be synthesized in accordance with ordi- 
nary organic synthesis through, for example, the reaction route previously described. 

[0276] The transition metal compounds (metallocene compounds) represented by the formula [C] can be synthe- 
sized from these indene derivatives in accordance with conventionally known processes, for example, a process 
described in Japanese Patent Laid-Open Publication No. 268307/1 992. 

[0277] Of the metallocene compounds mentioned above, compounds represented by the following formulas [C-a] 
and [B-a] are particularly preferably employed. The metallocene compounds represented by the formula [C-a] are 
included in the compounds represented by the formula [C], and the metallocene compounds represented by the formula 
[B-a] are included in the compounds represented by the formula [B]. 




[C-a] 



[0278] In the formula [C-a], M is a transition metal atom of Group IVB of the periodic table, specifically titanium, zir- 
conium or hafnium, preferably zirconium. 

R 11 and R 12 

[02?9] R 11 and R 12 are each hydrogen, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms which may 
be halogenated, a silicon-containing groip, an oxygen-containing group, a sulfur-containing group, a nitrogen-contain- 
ing group or a phosphorus-containing group. 

[0280] Examples of the hydrocarbon groups of 1 to 20 carbon atoms Include: 
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alkyl groups, such as methyl, ethyl, propyl, n-butyl, isobutyl. sec-butyl, tert-butyl, pentyl, neopentyl, hexyl, 
cyclohexyl, octyl, nonyl, dodecyl, eicosyl, norbornyl and adamantyl; 
alkenyl groups, such as vinyl, property! and cyclohexenyl; 
arylalkyl groups, such as benzyl, phenyiethyl and phenylpropyl; and 
5 aryl groups, such as phenyl, tolyl, dimethylphenyl, trimethylphenyl, ethylphenyl, propylphenyl, biphenyl, a- or p- 

naphthyl, methylnaphthyl, anthracenyl, phenarrthryl, benzylphenyl, pyrenyf, acenaphthyl, phenalenyl, acearrthryle- 
nyl, tetrahydronaphthyl, indanyl and biphenylyl. 

[0281] These hydrocarbon groups may be substituted with halogen atoms such as fluorine, chlorine, bromine and 
10 iodine, or organosilyl groups such as trimethylsilyl, triethylsilyt and triphenytsilyl. 

[0282] Examples of the oxygen-containing groups include hydroxyl group; aJkoxy groups, such as methoxy, ethoxy, 
propoxy and butoxy; arylcxy groups, such as phenoxy, methylphenoxy, dimethylphenoxy and naphthoxy; and arylalkoxy 
groups, such as phenylmethoxy and phenylethoxy. 

[0283] Examples of the sulfur-containing groups include substrtuerrts wherein oxygen is replaced with sulfur in the 
is above-exemplified oxygen-containing groups; sulfonate groups, such as methylsutfonato, trifluoromethanesulfonato. 

phenylsuHonato, benzylsutfonato, p-toluenesutfonato, trimethylbenzenesuHonato, trfisobutylbenzenesulfbnato, p-chlo- 

robenzenesulfonato and pentaf luorobenzenesulfonato; and sulfinato groups, such as methylsulfinato, phenyisulfinato, 

benzylsuifinato, p-toluenesulfinato, trimethylbenzenesuKinato and pentaf luorobenzenesuffinato. 

[0284] Examples of the nitrogen-containing groups include amino group; alkylamino groups, such as methytamino, 
20 dimethylamino, diethyiamino, dipropylamino, dibutylamino and dicyclohexylamino; and arylamino or alkylarylamino 

groups, such as phenytamino, diphenylamino, ditolylamino, dinaphthylamino and methylphenylamino. 

[0285] Examples off the phosphorus-containing groups include dimethylphosphino and diphenylphosphino. 

[0286] Of these, R 11 is preferably a hydrocarbon group, particularly a hydrocarbon group of 1 to 3 carbon atoms, 

i.e., methyl, ethyl or propyl. 

2S [0287] R 12 is preferably hydrogen or a hydrocarbon group, particularly hydrogen or a hydrocarbon group of 1 to 3 
carbon atoms, i.e., methyl, ethyl or propyl. 

R 13 and R 14 

so [0288] R 13 and R 14 are each an alkyl group of 1 to 20 carbon atoms, and examples thereof are the same as those 
described above. R 13 is preferably a secondary or tertiary alkyl group. R 14 may contain a double bond or a triple bond. 

X 1 and X 2 

35 [0289] X 1 and X 2 are each hydrogen, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, an oxygen -containing group or a sulfur-containing group. Examples of 
these groups are the same as those described above. X 1 and X 2 are each preferably a halogen atom or a hydrocarbon 
group of 1 to 20 carbon atoms. 

40 Y 

[0290] Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 
to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, -O-, -CO-. -S-. -SO-. - 
S0 2 -, -NR 15 -, -P(R 15 )-, -P(0)(R 15 )-. -BR 15 - or -AIR 15 - (The R 15 is hydrogen, a halogen atom, a hydrocarbon group of 

45 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). 

[0291] Examples of the divalent hydrocarbon groups of 1 to 20 carbon atoms include alkylene groups, such as 
methylene, dimethylmethylene, 1,2-ethylene, dimethyi-1 ,2-ethylene, 1,3-trimethylene. 1 ,4-tetramethylene, 1.2- 
cyclohexylene and 1 ,4-cyclohexylene; and arylalkylene groups, such as diphenylmethyiene and diphenyl-1 ,2-ethylene. 
[0292] Examples of the divalent halogenated hydrocarbon groups include those wherein the above-exemplified 

so divalent hydrocarbon groups of 1 to 20 carbon atoms are halogenated, such as chloromethylene. 

[0293] Examples of the divalent silicon-containing groups include alkylstlylene, alkylarylsilylene and arylsilylene 
groups, such as methylsilylene, dimethylsilylene, diethylsilylene, di(n-propyi)si!ylene, di(i-propyl)silylene, 
di(cyclohexyi)silylene, methylphenytsilylene. diphenylsilylene, di(p-tolyt)silylene and di(p-chlorophenyl)silylene; and 
alkyldisilyl, alkylaryldisilyl and arytdisilyl groups, such as tetramethyM f 2-disilyl and tetraphenyl-l,2-disilyl. 

55 [0294] Examples of the divalent germanium-containing groups include those wherein silicon is replaced with ger- 
manium in the above-exemplified divalent silicon-containing groups. 

[0295] R 15 Is the same halogen atom, hydrocarbon group of 1 to 20 carbon atoms or halogenated hydrocarbon 
group of 1 to 20 carbon atoms as described above. 
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[0296] Of these, Y is preferably a divalent silicon-containing group or a divalent germanium-containing group, more 
preferably a divalent silicon -containing group, particularly preferably an alkylsilylene group, an aJkyt^y'silyiene group or 
an arylsilylene group. 

[0297] Listed below are examples of the metallocene compounds represented by the formula [C-a]. 

5 

rac-Dimethylsilylene-bis(2,7-dimethyl-4-ethyl-l-indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis^.y-dimethyl-A-n-propyl-l-indenyOzirconium dichloride, 

rac-Dimethylsilylene-bi6(2,7-dimethyl-4-i-propyl-1-indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2,7-dimethyl-4-n-bLrtyl-lHndenyl)zirconium dichloride, 
10 rac-Dimethylsilylene-bis(2,7-dimethyl-4-sec-butyl-1 -indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bts(2 i 7<Iimethyl-4-t-butyl-1-indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2 , 7-dimethyl-4-n-perrtyl- 1 -indenyl)}zirconi um dichloride, 

rac-Dimethylsilylene-bis(2,7-dimethyl-4-n-hexyl-1-indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2,7-dimethyl-4-cyclohexyi-1 -indenyl)zirconium dichloride, 
is rac-Dimethylsilylene-bis(2 ,7-dimethyl-4-methylcyclohexyl- 1 -indenyl)}zirconium dichloride. 

rac-Dimethylsilylene-bHS(27<iimethyl-4-phenylethyl-1-indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2,7-dimethyl-4-^^ dichloride, 

rac-Dimethylsilylene-bis(2 ,7-dimettiyl-4-chloromethyl- 1 -irrclenyljzirconium dichloride, 

rac-Dimethylsilylene-bis(27<fimethyl-4-tri 
20 mc-Dime1hylsilylene-bis(2,7-dimethyl-4-trimethylsiloxymethyl-1 -indenyl)zirconium dichloride, 

rac-Diethylsilylene-bis(2,7-dimethyl-4-i-profyl-1 -indenyl)zirconium dichloride, 

rac-Di(i^ropyi)silylene45is(2,7<limetlTyl^^^ dichloride. 

rac-Di(n-butyi)silylene>bis(2,7-dimethyl-4-i-propyl-1-indeny0zirconium dichloride, 

rac-Di(cydohexyl)silylene-bis(2,7-dimethyl-4«i-propyl-1-indenyl)zirconium dichloride, 
25 rac-Methylphenylsilylene-bis(2,7<iimethyl-4-i-propyl-1 -indenyl)zirconium dichloride, 

rac-Methylphen^silylene-bis(2,7<limet^^ dichloride, 

rac-Diphenylsilylene-bis(2 l 7-dimethyl-4-t-butyl-1-indenyl)zirconium dichloride, 

rac-Dlphenylsilyiene-bis(2,7-dimethyl-4-i-propyl-1-indenyl)zirconium dichloride, 

rac-Dipheny1silylene4Dis(2,7-climethyl-4-ethyl-1-indenyi)zirconium dichloride, 
30 rac-Di(p-tolyl)silylene-bis(2,7-dimethyl-4-i-propyl-1 -indenyl)zirconium dichloride, 

rac-Di(p-chlorophenyl)silylene-bis(2,7<iim dichloride, 

rac-Dimethylsilylene-bis(2-methyl-4-ii3ropyl-7-ethyM -indenyl)zirconium dibromide, 

rac-Dimethylsilylene-bis(2,3,7-trimethyl-4-ethyl-1-indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2,3,7-trimethyl-4-n-propyl-1-indenyl)zirconium dichloride, 
35 rac-Dimethylsilylene-bis(2,3,7-trimethyM'i-propyl-1 -indenyl)ziroonium dichloride, 

rac-Dimethyisilylene-bi6(2,3 ( 7-trimethyl-4-n-butyl-1 -indeny1)zircontum dichloride, 

rac-Dimethylsilylene-bis(2,3,7-trimethyM-sec-butyl-1-indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2,3,7-trimethyl-4-t-butyl-1-indenyl)zirconium dichloride. 

rac-Dimethylsilylene-bis(2,3,7-trimethyM-n^errtyl-1-indenyl)zirconium dichloride, 
40 rac-Dimethylsilylene-bis(2,3,7-trimethyl-4-n-hexyl-1 -indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2,3,7-trimethyM-cyclohexyl-1-indenyl)zirconium dichloride. 

rac-Dimethylsilylene-bis(2,3.7-trimethy^ dichloride. 

rac-Dimethylsilylene-bis(2,3,7-trimethyl-4-tf dichloride, 

rac-Dimethylsiiylene-bis(2,3 t 7-trimethyl^ 
45 rac-Dimethylsilylene-bis(2,3,7-trimethyl-4-phenylethyl-1 -indenyl)ztrconium dichloride, 

rac-Dimethylsilylene-Ws(2,3.7-frim dichloride. 

rac-Dimethylsi lylene-bis(2,3 ( 7-trimethyt«4-chloromethyl- 1 -indenyl)zirconium dichloride, 

rac-Diethylsflylene^is(2,3,7-trime1hyM-ii3r^^ dichloride, 

rac-Di(iiropy0silylene43is(2 t 3,7-trim dichloride. 
so rac-Di(n-buty0silylene-bis(2,3,7-trimethyl-4-i-propyl-1 -indenyl)zirconium dichloride, 

rac-Di(cydohexyl)silylene^is(2,3,7^ 

rac-Me1hylphen^silylene^is(2,3,74rime^ dichloride, 
rac-MethyIphen^silylene-bis(2,3,74rim dichloride, 
rac-Diphenylsilylene-bis(2,3 f 7-trimethy1-4-t-butyl-1 -indenyljzirconium dichloride, 
55 rac-Diphenylsilylene-bis(2,3,7-trimethyl-4-i-prcpyl- 1 -indenyljzirconium dichloride, 
rac-Diphenylsilylene43is(2,3,7-trimeth^ dichloride, 
rac-DI(p-tolyl)sJlylene-bis(2,3 i 7-trime1hyl^-i^ropyl-1-indenyl)zirconium dichloride, 
rac-Di(p-chlorophenyl)silylene-bis(2 f 3,7-trimefr^^ dichloride, 
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rac-Dimethyisilylene-bis(2-me^ dimethyl. 

rac-Dimethylsilylene-bis(2-methyM-i^ropyl-7-methyl-1-indeny0zirconium methylchloride, 

rac-Dimethylsilylene-bis(2-methyl^-i^ropy^ 

rac-Dimethylsilylene-bis(2-methyM-i^r^ 

rac-Dimethylsilylene-bis(2-methyl-3-mefr^ dichloride, 
rac-Dime%lsilylene-bis(2-ethyl-4-i-propyl-7-m^ dichloride, 
rac-Dimethylsilylene-bis(2i3henyl-4-i-propyl-7-methyl-1-indenyl)zirconium dichloride, 
rac-Dimethylsilylene-bis(2-methyl-4-iiDropyl-7-methyl-1 -indenyljtitanium dichloride, and 
rac-Dimethylsilyiene-bis(2-memyl-4-i-pro^^ dichloride. 

[0298] Of these, particularly preferable are compounds having a branched alkyl group such as i-propyl, sec-butyl or 
tert butyl at the 4-position. 

[0299] In the invention, a racemic modification of the above-mentioned metallocene compound is generally used as 
the olefin polymerization catalyst component, but R type or S type is also employable. 

[0300] The metallocene compounds can be synthesized from indene derivatives by known processes, for example, 
a process described in Japanese Patent Lard-Open Publication No. 268307/1992. 

[0301 ] In the present invention, a compound represented by the following formula [B-a], which is descrbed in Euro- 
pean Patent No. 549,900 and Canadian Patent No. 2,084.017, is also preferably employed. 




[0302] In the formula [B-a], M is a transition metaJ atom of Group IVB of the periodic table, specifically titanium, zir- 
conium or hafnium, particularly preferably zirconium. 

[0303] R 21 s may be the same as or different from each other, and are each hydrogen, a halogen atom, preferably 
fluorine or chlorine, an alkyl group of 1 to 10 carbon atoms, preferably 1 to 4 carbon atoms, which may be halogenated, 
an aryl group of 6 to 10 carbon atoms, preferably 6 to 8 carbon atoms. -NR 2 , -SR, -OSiR 3 . -SiR 3 or -PR 2 (The R is a 
halogen atom, preferably chlorine, an alkyl group of 1 to 10 carbon atoms, preferably 1 to 3 caibon atoms, or an aryl 
group of 6 to 10 carbon atoms, preferably 6 to 8 carbon atoms). 

[0304] R 22 to R 28 may be the same as or different from each other, and are each the same atom or group as 
described for R 21 . and adjacent two or more groups out of R 22 to R 28 may form an aromatic or aliphatic ring together 
with an atom to which they are bonded. 

[0305] X 3 and X 4 may be the same as or different from each other, and are each hydrogen, a halogen atom. OH 
group, an alkyl group of 1 to 10 carbon atoms, preferably 1 to 3 carbon atoms, an alkoxy group of 1 to 10 carbon atoms, 
preferably 1 to 3 carbon atoms, an aryl group of 6 to 10 carbon atoms, preferably 6 to 8 carbon atoms, an aryloxy group 
of 6 to 10 carbon atoms, preferably 6 to 8 carbon atoms, an alkenyl group of 2 to 10 carbon atoms, preferably 2 to 4 
carbon atoms, an arylalkyl group of 7 to 40 carbon atoms, preferably 7 to 10 carbon atoms, an alkylaryl group of 7 to 
40 carbon atoms, preferably 7 to 12 carbon atoms, or an arylalkenyl group of 8 to 40 caibon atoms, preferably 8 to 12 
carbon atoms. 
[0306] Zis 
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=BR 29 . -AIR 29 , -Ge, -Sn-, -O-. -S-. oSO, -S0 2l =NR 29 =CO. =PR 29 or =p(0)R 29 

[0307] In the above formulas, R 29 and R 30 may be the same as or different from each other, and are each hydrogen, 
20 a halogen atom, an alkyl group of 1 to 10 carbon atom, preferably 1 to 4 carbon atoms, particularly preferably methyl, 
afluoroalkyl group of 1 to 10 carbon atoms, preferably CF 3 , an aryl group of 6 to 10 carbon atoms, preferably 6 to 8 
carbon atoms, a f luorcaryl group of 6 to 1 0 carbon atoms, preferably pentaf luorophenyl, an alkoxy group of 1 to 1 0 car- 
bon atoms, preferably 1 to 4 carbon atoms, particularly preferably methoxy, an alkenyl group of 2 to 10 carbon atoms, 
preferably 2 to 4 carbon atoms, an arytalkyi group of 7 to 40 carbon atoms, preferably 7 to 10 carbon atoms, an aryla- 
25 Ikenyl group of 8 to 40 carbon atoms, preferably 8 to 12 caibon atoms, or an arylalkyl group of 7 to 40 carbon atoms, 
preferably 7 to 12 carbon atoms. 

[0308] R 29 and R 30 may form a ring together with an atom to which they are bonded. 
[0309] M 2 is silicon, germanium or tin. 

[0310] The alky! group is a straight chain or branched alkyl group, and the halogen (for halogenation) is fluorine. 
30 chlorine, bromine or iodine, preferably fluorine or chlorine, 

[031 1 ] Of the compounds of the formula [B-a], preferable are those wherein M is zirconium or hafnium; R 21 s are the 
same as each other, and are each an alkyl group of 1 to 4 carbon atoms; R 22 to R 28 may be the same as or different 
from each other, and are each hydrogen or an alkyl group of 1 to 4 carbon atoms; X 3 and X 4 may be the same as or 
different from each other, and are each an alkyl group of 1 to 3 carbon atoms or a halogen atom; and Z preferably is 

35 
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- M 2 — -C-C-.or-C — t 
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R 30 R 30 R 30 R 30 

45 (M 2 is silicon, and R 29 and R 30 may be the same as or different from each other, and are each an alkyl group of 1 to 4 
carbon atom or an aryl group of 6 to 10 carbon atoms). 

[0312] Among such compounds, more preferable are those wherein the substituents R 22 and R 28 are each hydro- 
gen, and R 23 to R 27 are each an alkyl group of 1 to 4 carbon atoms or hydrogen. 

[0313] Still more preferable are compounds wherein M is zirconium; R 21 s are the same as each other, and are each 
so an alkyl group of 1 to 4 carbon atoms; R 22 and R 28 are each hydrogen; R 23 to R 27 may be the same as or different from 
each other, and are each an alkyl group of 1 to 4 carbon atoms or hydrogen; X 3 and X 4 are each chlorine; and Z pref- 
erably is 

55 



34 



BNSDOCID: <EP 1016889A2_I_> 



EP1 016 689 A2 



>29 



R 29 R 29 



— M 



or 



-C - C - , 



>30 



I 

R 30 R : 



30 



to 

(M 2 is silicon, and R 29 and R 30 may be the same as or different from each other, and are each an alkyl group of 1 to 4 
carbon atom or an aryi group of 6 to 10 carbon atoms). 

[0314] Particularly preferable are compounds wherein M is zirconium; R 21 s are each methyl; R 22 to R 28 are each 
hydrogen; X 3 and X 4 are chlorine; and Z preferably is 



is 



20 



R 29 

I 

R 30 



25 (M 2 is silicon, and R 29 and R 30 may be the same as or different from each other, and are each methyl or phenyl). 
[031 5] Listed below are some examples of the compounds represented by the formula [B-a]. 

rac-Dimethylsilylene-bis{l -(2-methyM,5-benzoirxlenyl)}zirconium dichloride. 
rac-Dimethylsllylene-bis{1-(2-meth^^ dichloride, 

30 rac-Dimethylsilylene-bis{1 -(2,3, 6-tri methyl -4, 5-benzoindenyl)}zirconium dichloride. 
rac-Methylphenylsilylene-bis{1-(2-methyl-4,5-benzoindeny^}zirconium dichloride, 
rac-Methylphenylsilylene-bis{1-(2-methyl-4,5^ dichloride. 
rac-Methylphenylsilylene-bis{1 -(4,5-benzoindenyl))zirconium dichloride, 
rac-Meth^phenylsilylene4>is{1-(2,6^im^ and 

36 rac-Meth^phenylsilylene45isil-(2^^ 

[031 6] Also employable are compounds wherein zirconium is replaced with titanium or hafnium in the above-exem- 
plified compounds. 

[0317] In the invention, a racemic modification of the metallocene compound represented by the formula [C-a] or 
40 [B-a] is generally used as the olefin polymerization catalyst component, but R type or S type is also employable. 
[0318] The metallocene compounds mentioned above can be used in combination of two or more kinds. 
[031 9] The metallocene compound [a] employable for preparing the long-chain branched ethylene/a-olef in/noncon- 
jugated polyene copolymer rubber (B2) and the long-chain branched ethylene/a-olef in copolymer rubber (F2) that is 
preferably used in the invention is, for example, a compound represented by the following formula [IQ. 



50 
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[0320] In the formula [II], M is a transition metal atom of Group IVB of the periodic table, specifically titanium, zirco- 
nium or hafnium, particularly preferably zirconium. 

Substituent R 1 

[0321] R 1 is a hydrocarbon group of 1 to 6 carbon atoms, and examples thereof include alkyl groups, such as 
methyl, ethyl, n-propyl. isopropyl. n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, neopentyl, n-hexyl and cyclohexyl; and 
alkenyl groups, such as vinyl and propenyl. 

[0322] Of these, preferable are alkyl groups whose carbon bonded to the indenyt group is primary carbon. More 
preferable are alkyl groups of 1 to 4 carbon atoms, and particularly preferred are methyl and ethyl. 

SubstitMsnte R 2 ^B 4 ^B 5 and R 6 

[0323] R 2 . R 4 , R 5 and R 6 may be the same as or different from each other, and are each hydrogen, a halogen atom 
or the same hydrocarbon group of 1 to 6 carbon atoms as described for R 1 . 
[0324] The halogen atom is fluorine, chlorine, bromine or iodine. 

Subs tituent R 3 

[0325] R 3 is an aryl group of 6 to 16 carbon atoms. This aryl group may be substituted with a halogen atom, a 
hydrocarbon group of 1 to 20 carbon atoms or an organostlyl group. 

[0326] Examples of the aryl groups include phenyl, a-naphthyt, p-naphthyl, anthracenyl, phenanthryl, pyrenyl, 
acenaphthyl, phenalenyl, acearrthrylenyl, tetrahydronaphthyl, indanyl and biphenylyl. Of these, phenyl, naphthyl, 
anthracenyl and phenanthryl are preferable. 

[0327] Examples of the hydrocarbon groups of 1 to 20 carbon atoms serving as substituents of the aryl groups 
include: 

alkyl groups, such as methyl, ethyl, propyl, butyl, hexyl, cyclohexyl, octyl, nonyl, dodecyl, eicosyl, norbornyl and 
adamantyl; 

alkenyl groups, such as vinyl, propenyl and cyclohexenyl; 
arylalkyl groups, such as benzyl, phenylethyl and phenylpropyl; and 

aryls groups, such as the above-exemplified aryl groups, tolyl. dimethylphenyl, trimethytphenyl. ethylphenyl, propyl- 
phenyl, methylnaphthyl and benzylphenyl. 

[0328] Examples of the organosilyl groups include trimethyisilyl, triethylsilyl and triphenylsilyl. 

Substituents X 1 and X 2 

[0329] X 1 and X 2 are each hydrogen, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms which may be 
substituted with halogen, an oxygen-containing group or a sulfur-containing group. Examples of the halogen atoms and 
the hydrocarbon groups are the same as those mentioned above. 

[0330] Examples of the oxygen-containing groups include hydroxyl group; alkoxy groups, such as methoxy. ethoxy. 
propoxy and butoxy; aryloxy groups, such as phenoxy, methytphenaxy, dimethyiphenoxy and naphthoxy; and aryl alkoxy 
groups, such as phenytmethoxy and phenylethoxy. 

[0331] Examples of the sulfur-containing groups include substituents wherein oxygen is replaced with sulfur in the 
above-exemplified oxygen-containing groups; sulfonate groups, such as methylsulfonato, trffluoromethanesurfonato, 
phenylsulfonato, benzylsuHonato, p-toluenesulfonato, trimethyfoenzenesutfonato, triisobutylbenzenesulfonato, p-chlo- 
robenzenesutfonato and pentaf luorobenzenesulfonato; and surfinato groups, such as metnylsurfinato, phenylsuHinato, 
benzenesuff inato, p-toluenesulf inato, trimethyibenzenesulfinato and pentaf luorobenzenesuff inato. 
[0332] Of these, X 1 and X 2 are each preferably a halogen atom or a hydrocarbon group of 1 to 20 carbon atoms. 

Y 

[0333] Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 
to 20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, -O-, -CO-. -S-, -SO-, - 
S0 2 -, -NR 7 -, -P(R 7 )-, -P(0)(R 7 )-. -BR 7 - or -AIR 7 - (The R 7 is hydrogen, a halogen atom, a hydrocarbon group of 1 to 20 
carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). 
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[0334] Examples of the divalent hydrocarbon groups of 1 to 20 carbon atoms include alkyiene groups, such as 
methylene, dimethylmethylene, 1,2-ethylene, dimethyl-1,2-ethylene, 1,3-trimethylene, 1 ,4-tetramethylene, 1,2- 
cyclohexyiene and 1 p 4-cyclohexylene; and arylalkyiene groups, such as diphenylmethylene and diphenyl-1 ,2-ethylene. 
[0335] Examples of the divalent halogenated hydrocarbon groups include those wherein the above-exemplified 

5 divalent hydrocarbon groups of 1 to 20 carbon atoms are halogenated, such as chloromethylene. 

[0336] Examples of the divalent silicon-containing groups include alkylsilylene, alkylarylsilylene and arylsilylene 
groups, such as methylsilylene, dimethylsilylene, diethylsilylene, di(n-propy[)silylene. di(i-propyl)silylene, 
di(cyclohexyl)silylene. methyl phenylsilylene, diphenylsilylene, di(p-tolyl)silylene and di(p-chlorophenyl)silylene; and 
alkyldisilyl, alkylaryidisilyl and aryldisiryl groups, such as tetramethyl-1 ,2-disilyI and tetraphenyi-1 ,2-disilyl. 

10 [0337] Examples of the divalent germanium-containing groups include those wherein silicon is replaced with ger- 
manium in the above-exemplified divalent silicon-containing groups. 

[0338] R 7 is the same halogen atom, hydrocarbon group of 1 to 20 carbon atoms or halogenated hydrocarbon 
group of 1 to 20 carbon atoms as described above. 

[0339] Of these. Y is preferably a divalent silicon-containing group or a divalent germanium-containing group, more 
75 preferably a divalent silicon-containing group, particularly preferably an alkylsilylene group, an alkylarylsilylene group or 
an arylsilylene group. 

[0340] Listed below are examples or the metalfocene compounds represented by the above formula [II]. 

rac-Dimethylsilylene-bis(4-phenyl-1 -indenyl)zirconium dichloride. 
20 rac-Dimethylsilylene-bis{1 -(2-methyl-4-phenylindenyl)}zirconium dichloride, 

rac-Dimethylsilylene-bis(2-methyl-4-(a-naphthyl)-1-indenyl)z!rconium olchloride, 

rac-Dimethylsilylene-bis(2-methyl-4-(p-naphthyl)-1 -indenyljzirconium dichloride, 

rac-Dimethylsilylene-bis{2-methyl-4-(1 -anthracenyl)-1 -indenyl)zirconium dichloride. 

rac-Dimethylsilylene-bis(2-meth^ dichloride, 
25 rac-Dimethylsilylene-bis(2-methyl-4-(9-anthracenyl)-1 -indenyl)zirconium dichloride, 

rac-DimethylsNylene-bis(2-methyl-4-(9-phenanthryl)-1-indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2-methyl-4-(p-fluorophenyl)-l-indenyl)zirconium dichloride, 

rac-Oimethylsilylene-bis(2-methyl-4-(perrtafluorophenyl)-1-indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2-memyl^-(p-chlorophenyl)-1-indenyl)zirconlum dichloride, 
30 rac-Dimethylsilylene-bis(2-methyl-4-(m-chlorophenyl)-1 -indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2-methyl-4-(o-chlorophenyl)-1-indenyl)zirconium dichloride, 

rac-Dimethylsilyl ene-bis(2-m ethyl -4-(o,p<lichlorophenyl)-1 -indenyl)zirconium dichloride, 

rac-Dimettiylsilylene-bis(2-methyl-4-(p-bromophenyl)-1-indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2-methyl-4-(p-tolyl)-1-indenyl)zirconium dichloride, 
35 rac-Dimethylsilylene-bis(2-methyl-4-(m-tolyl)-1 -indenyljzirconium dichloride, 

rac-Dimethylsilylene-bis{2-methyl-4-(o-tolyl)-1 -indenyljzirconium dichloride, 

rac-Dimethylsilylene-bis(2~methyt-4-(o,o^ dichloride, 

rac-Dimethylsilylene-bis(2-methyl-4-(p-ethylphenyl)-1-indenyl)zirconium dichloride, 

rac-Dimethylsilyl ene-bis(2-methyl-4-(p-i-propylphenyl)-1 -indenyljzirconium dichloride, 
40 rac-Oimethylsilylene-bis(2-methyl-4-(p-benzylphenyO-1 -indenyl)zirconium dichloride, 

rac-Dimethytsilylene-bis(2-methyl-4-(p-biphenyl)-1 -indenyl)zirconium dichloride. 

rac-Dimethylsilylerie-bis(2-methyl-4-(rrvbiphenyl)-1 -indenyOzirconium dichloride, 

rac-Dimethylsilyl ene-bis(2-m ethyl -4-(p-trimethylsilylenephenyl)-1-indenyl)zirconium dichloride, 

rac-Dimethylsilylene-bis(2-methyl-4-(m^ dichloride, 
45 rac-Dimethylsilylene-bis(2-phenyl-4-phenyl)-1 -indenyl)zirconium dichloride, 

rac-Diethylsilylene-bis(2-methyl-4-phenyl)-1 -indenyljzirconium dichloride, 

rac-Di(i-propyl)silylene-bis(2-methyl-4-phenyl-1 -indenyl)}zirconium dichloride, 

rac-Di(n-butyf)silylene-bis(2-methyl-4-phenyl-1 -indenyljzirconium dichloride, 

rac-Dicyclohexylsilylene-bis(2-methyl-4-phenyl-1 -indenyl)zirconium dichloride, 
so rac-Methylphenylsilylene-bis(2-methyl-4-phenyl-1 -indenyl)zirconium dichloride. 

rac-Diphenylsilylene-bis(2-methyl-4-phenyl-1 -indenyl)zirconium dichloride, 

rac-D i (p-tolyl) sily len e-bis(2-methy1-4-pheny I - 1 -indeny l)zi rconium dichloride, 

rac-Di(p-chlorophenyf)sil^ene-bis(2-methyl-4-pheny1-1-indeny1)zirconiu dichtoride, 

rac-Methylene-bis(2-methyl-4-phenyl-l -indenyljzirconium dichloride, 
55 rac-Ethylene-bis(2-methy1-4«phenyl-l -indenyljzirconium dichloride, 

rac-Dimethylgermylene-bis(2-methyl-4-phenyl-1 -indenyljzirconium dichloride, 

rac-Dimethylstannylene-bis(2-methyl-4-phenyl- 1 -indenyljzirconium dichloride, 

rac-DimethyIsilylene-bis(2-methyl-4-phenyl-1 -indenyl)zirconium dibromide. 
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rac-Dimethylsilylene-bis(2-methyl-4-phenyl-1 -indenyl)zirconium dimethyl, 
rac-Dimethylsilylene-bis(2-methyl-4-phenyl-1-indenyl)zirconium methylchloride, 
rac-Dimethylsilylene-tMs(2-methyi-4-phenyl-1 -indenyl)zirconium chloride S0 2 Me, 
rac-Dimethylsilylene-bis(2-methyM-phenyl-1 -indenyl)zirconium chloride OS0 2 Me, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-phenylindenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(a-naphthyl)irKienyl)}zirconium dichloride. 
rac-Dimethylsilylene-bis{1-(2-eth^ dichloride. 
rac-Dimethy(6ilylene-bi6{1 -(2-ethyl-4-(2-methyl- 1 -naphthyl)indenyl)}zirconium dichloride. 
rac-Dimethyl6ilylene-bis{1-(2-ethyl-4^5-acenaphthyl)indenyl}zirconium dichloride, 
rac-Dimethylsilylene-bis{l-(2-ethyl-4-(9-arTthracen>i)indenyl)}2irconium dichloride. 
rac-Dimethylsilylene-bis{1-(2-e%l^ dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(o-methylpheny0inden^ dichloride. 
rac-Dimethylsilylene-bis{1-(2^thyl-4-(m-^ 

rac-Dimethylsilylene-bis{1-(2-ethyl-4-(^ dichloride, 
rac-Dimethyisilylene-bis{1-(2-ethyl-4-^ dichloride. 
rac-DimethylsHylene-bis{H2-ethyl-4-(2,4^^ 

rac-Dimethy1silylene-bis{1-(2-ethyl-4^ dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(2,4,6-trimethylphenyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(o-chloropheny0indenyl))zirconium dichloride, 
rac-Dimethylsilylene~bis{1-(2-ethyl-4-(^ dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(p-chlorophenyl)inden^)}zirconium dichloride. 
rac-Dimethylsilylene-bis{H2-ethyh dichloride. 
rac-Dimethylsilylene-bis{1-(2-ethyl'4-(2,6<ik:hlorophenyl)iixlen dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-^ dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(2-brom dichloride, 
rac-Dimethylsi]ylene-bis{1-(2-ethyl-4-(3-bror^ dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(4-bromophenyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bls{1-(2-ethyl-4-(4-b!phenyly0indenyl)}zirconw dichloride, 
rac-Dimethylsilylene-bis{1-(2-ethyl-4-(4-tri^ dichloride, 
rac-Dimethyisilylene*bis{1-(2-niDropyl-4^henyliixlenyl)}zircortum dichloride, 
rac-Dimethylsilylene-bis{1-(2-ni3ropyl-4-(a-naphthyl)indenyl)}zirc^ dichloride, 
rac-Dimethylsilylene-bis{1-(2-niDro^^ 

rac-Dimethylsilylene-bis{1 -(2-n-propy1-4-(2-methyl-1 -naphthyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-n^ropyl-4-(5-acenaphthy0indenyl)}zirconium dichloride. 
rac-Dimethylsilylene-bis{1-(2-niDro|^-4-(9-anthracenyl)inden^)}zircon dichloride, 
rac«Dimethylsilylene-bis{1-(2-n^rop^-4^ dichloride, 
rac-Dimethylsilylene-bis{1-(2-i-propyl-4-phenylindenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-i-propyM-(a-naphthyl)irKieny1)}zirconium dichloride, 
rac-Dimethylsily1ene-Ws{1-(2-i-propy^ dichloride. 
rac-Dimethylsilylene-bis{1-(2-i-propyW-(8-^ dichloride, 
rac-Dimethylsilylene-bis{1-(2-i-propyM-(5-acenaphthyl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-i-pr^ dichloride. 
rac-Dimethytsilylene-bis{1-(2-iiDropyM-(9-phena^ryl)indenyl)}zir(^nium dichloride, 
rac-Dimethy!silylene-bis{1 -(2-s-butyl-4-phenyltrKlenyl)}zirconium dichloride, 
rac-Dimethyisilylene-bis{1 -(2-s-butyl-4-(a-naphthyl)indenyl)}zirconium dichloride. 
rac-Dimethytsily1ene-bis{1-(2^ut^ dichloride, 
rac-Dimethylsilylene-bis{1 -(2-s-butyl-4-(2-methyl-1 -naphttiyOi n denyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1 -(2^4xityl^-(5-acenaphthyl)indenyl)}zirconium dichloride. 
rac-Dimethylsilylene-bis{1-(2-s^xjty dichloride, 
rac-Dimethylsilylene-bis{1 -(2-s-butyl^-(9i)henanthryl)indenyl)}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ni3entyl-4^henyliixlenyO}zirconium dichloride, 
rac-Dimethylsilylene-bis{1-(2-ni>ent^-4-(a-naphthyl)indenyl)}zir^ dichloride, 
rac-Dimethylsilytene-bis{1 -(2-n-butyl-4-phenyiindenyI)}zirconium dichloride, 
rac-DimethylsilyleneHws{1-(2-n*ut^-^ dichloride, 
rac-Dimethylsily1ene-bis{1-(2-n^utyl^-(^ 

rac-Dimethylsilylene-bis{l -(2-n-bulyl-4-(2-methyl-1 -naphthyl)indenyO}zirconium dichloride, 
rac-Dimethylsilylene4}ls{1-(2-n4)Uty1^ dichloride, 
rac-Dimethylsilylene-bis{1-(2-n^utyl^-(9-amhracenyl)indenyl)}zirconiumdichlora 
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rac-Dimethylsilylene-bis(1-(2^^ dichloride, 

rac-Dimethylsilylene-bis{ 1 -(2-i-rxrtyl-4-phenylindeny O)zirconium dichloride, 

rac-Dimethylsilylene-bts{1-(2-i-butyl-4-(^ dichloride. 

rac-Dimethylsilylene-bis{1 -(2-i-butyl-4-(p naphthyl)indenyl)}zirconium dichloride, 
5 rac-Dimethylsilylene-bis{1 -(2-i-butyl-4-(2-methyl-1 -naphthyl)indeny1)}zirconium dichloride, 

rac-Dimethylsilylene-bis{1-(2-i-butyl-4-(5-acenaphthyl)indenyl)}2 dichloride, 

rac-Dimethylsilylene-bis{1-(2-i-butyl-4-(^^ dchloride, 

rac-Dimethylsilylene-bis{1-(2-i-butyl-4-(^ dichloride, 

rac-Dimethylsilylene-bis{1-(2-neopemy1^-phenylindenyl)}zirconium dichloride, 
10 rac-Dimethylsilylene-bis{1 -(2-neopentyl^-(a-naphthyl)indenyl)j2irconiurn dichloride. 

rac-Dimethylsilylene-bis{1-(2-n-hexyl-4-phenylindenyl)}zirconium dichloride, 

rac-Dimethylsilylene-bis{1-(2-n-he^W-(a-naphthyl)indenyl)}2irconium dichloride, 

rac-Meihylphenylsilylene-bis{1 -(2-ethyl-4-phenylindenyl)}zirconium dichloride, 

rac-Methylphenylsilylene^is{1-(2-ethyM^ dichloride, 
is rac-Methylphenylsilylene*is{1-(2-eth^ 

rac-Methylphenylsilylene45is{1-(2-ethyM^^ dichloride, 

rac-Diphenylsilylene-bis{1 -(2-ethyl-4-pheny!indenyl)}z!rconium dichloride, 

rac-Diphenylsilylene-bis{ 1 -(2-ethyM*(a-naphthyl)indenyl)}zirconiurri dichloride, 

rac-Diphenylsilylene^is{1-(2-ethyM-(9-anthraceny0indenyl)}2ir<»niuiTi dichloride. 
20 rac-Diphenylsilylene-bis{ 1 -(2-ethy l-4-(9-phenanthryl)indenyl)}zirconium dichloride, 

rac-Diphenylsilylene-bisj 1 -(2-ethyl-4-(4-biphenylyl)indenyl)}zirconium dichloride. 

rac-Methylene-bis{1 -(2-ethyl-4-phenylindenyl)}zirconium dichloride, 

rac-Methytene-bis{1 -(2-ethyl-4-(a'naphthyl)indenyl))zirconium dichloride, 

rac-Ethylene-bis{1 -(2-ethyl-4-phenylindenyl)}zirconium dichloride, 
25 rac-Ethylene-bis{l -(2-ethyM-(a-naphthyl)indenyl)}zirconiurn dichloride, 

rac-Ethylene-bis{1 -(2-n-propyl-4-(a-naphthyl)indenyl)}zirconium dichloride, 

rac-Dimethylgermyl^is{1-(2-ethyl-4-phenylindenyl)}zirconium dichloride, 

rac-Dimethy1germyl-bis{1 -(2-ethyl-4-(a-naphthyl)indenyl)}zirconium dichloride. and 

rac-Dimethylgermyl^is{1-(2-ni3ropyl-4i3henyiindenyl)}zirconium dichloride. 

30 

[0341 ] Also employable are compounds wherein zirconium is replaced with titanium or hafnium in the above-exem- 
plified compounds. 

[0342] In the invention, a racemic modification of the metallocene compound is generally used as the catalyst com- 
ponent, but R type or S type is also employable. 
35 [0343] The metallocene compounds mentioned above can be used in combination of two or more kinds. 

[0344] The metallocene compounds can be prepared in accordance with "Journal of Organometallic Chem.". 288 
(1985), pp. 63-67 and European Patent Application No. 0,320,762. 

[0345] Other than the metallocene compound of the formula [II], a compound represented by the following formula 
[HQ is also employable. 

40 

L*MX 2 [III] 
wherein M is a metal of Group IV of the periodic table or a metal of tanthanide series; 

[0346] L fl is a derivative of delocatization n bond group and imparts restraint geometrical shape to the metal M 
45 active site; and 

[0347] Xs are each independently hydrogen, a halogen atom, a hydrocarbon group containing 20 or less carbon 
atoms, silicon or germanium, a silyl group or a germyl group. 

[0348] Of the compounds of the formula [III], preferable are those represented by the following formula [lll-a]. 
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[0349] In the formula [lll-a], M is titanium, zirconium or hafnium, and X is the same as described above. 

[0350] Cp is n-bonded to M and is a substituted cyclopentadienyl group having a substituent Z or its derivative. 

[0351] Z is oxygen, sulfur, boron or an element of Group IVA of the periodic table. 

[0352] Y is a ligand containing nitrogen, phosphorus, oxygen or sulfur. 

[0353] Z and Y may together form a condensed ring. 

[0354] Listed below are examples of the compounds represented by the formula [lll-a]. 

(Dimethyl(t-butylamide)(tetramethyl-Ti 5 -cyclopentadienyl)silane)titanium dichloride, 

((t-Butylamide)(tetramethyl-Ti 5 -cyclopentadienyl)-1 ,2-ethanediyl)titanium dichloride, 

(Dibenzyl(t-butylamide)(tetramethyl-ti 5 -cyclopentadienyl)silane)tita^ dichloride, 

(Dimethyi(t-butylamide)(tetramethy^^ 

(Dimethyl(t-butylamide)(teframemyl^ 

((t-Butylamide)(tetramethyl-Ti 5 -^ 

((Methylamide)(tetramethyl-ri 5 ^ 

((Phenylphosphide)(tetramemyl^ 5 ^yclopentadienyl)methylene)diphe 

(Dibenzyl(t"butylamide)(tetramethyl-T| 5 -cyclopentadienyl)silane)dibenzyltitanium, 

(Dimethyl(benzylamide)(n s ^ydc^entadienyl)silane)di(trimethylsilyl)tt 

(Dimethyl(phenylphosphide)-(te4ramethyH 
(TetramethyH 5 -cyclopentadienyl)-1.2-ethanediyl)dibenzyltitanium t 

(2-Ti 5 -{Tetramethyl-cyclopemadienyO-1-m 

(2-ri 5 -(Tetramethyl-<yclopentadienylH 

(2-((4a,4b,8a,9,9ani)-9H-nuorene-9-yl)cyclohexanolate(2-))dimethyltitanium, and 
(2'((4a,4b,8a,9,9ani)-9H-Fluorene-9-yl)cyclohexanolate(2-))dtoenzyttHanium^ 

[0355] In the invention the metallocene compounds represented by the formula [III] can be used in combination of 
two or more kinds. 

[0356] Some of titanium compounds are listed above as examples of the metallocene compounds, but compounds 
wherein titanium is replaced with zirconium or hafnium in the above-exemplified titanium compounds are also employ- 
able. 

[0357] These compounds may be used alone or in combination of two or more kinds. 

[0358] Of the above-mentioned various metallocene compounds, the metallocene compound represented by the 
formula [II] is preferably used in the preparation of the long-chained branched ethylene/a-olefin/nonconjugated polyene 
copolymer rubber (B2) and the long-chain branched ethylene/a-olefin copolymer rubber (F2). 

Orpanoaluminum oxv- compound fbl 

[0359] The organoaluminum oxy-compound [b] used in the invention may be aluminoxane conventionally known or 
a benzene-insoluble organoaluminum oxy-compound exemplified in Japanese Patent Laid-Open Publication No. 
78687/1990. 

[0360] "me conventionally known aluminoxane can be prepared by, for example, the following procedures. 

(1) An organoaluminum compound such as trialkylaluminum is added to a hydrocarbon medium suspension of 
compounds containing adsorbed water or salts containing water of crystallization, e.g.. magnesium chloride 
hydrate, copper sulfate hydrate, aluminum sulfate hydrate, nickel sulfate hydrate or cerous chloride hydrate, so as 
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to allow the organoaluminum compound to react with the compound or the salt, followed by recovering aluminox- 
ane as its hydrocarbon solution. 

(2) Water, ice or water vapor is allowed to directly act on an organoaluminum compound such as trialkylaluminum 
in a medium such as benzene, toluene, ethyl ether or tetrahydrofuran, followed by recovering aluminoxane as its 

5 hydrocarbon solution. 

(3) An organotin oxide such as dimethyttin oxide or dibutyltin oxide is allowed to react with an organoaluminum 
compound such as trialkylaluminum in a medium such as decane, benzene or toluene. 

[0361 ] The aluminooxane may contain a small amount of an organometallic component. Further, it is possible that 
10 the solvent or the unreacted organoaluminum compound is distilled off from the recovered solution of aluminooxane 
and that the remainder is redissolved in a solvent. 

[0362] Examples of the organoaluminum compounds used for preparing the aluminoxane include: 

trialkylaluminums. such as trimethylaluminum, triethylaiuminum, tripropylaluminum. triisopropylaluminum, tri-n- 
15 butyialuminum, triisobutylaluminum, tri-sec-butylaluminum, tri-tert-butylaluminum, tripentylaluminum. trihexylalumi- 
num, trioctylaluminum and tridecylaluminum; 

tricycloalkylaluminums, such as tricyclohexytaluminum and trteydooctyialuminum; 

dialkylaluminum halides, such as dimethylaluminum chloride, diethylaluminum chloride, diethylaluminum bromide 
and diisobutylaluminum chloride; 
so dialkylaluminum hydrides, such as diethylaluminum hydride and diisobutylaluminum hydride; 

dialkylaluminum alkoxides, such as dimethylaluminum methoxide and diethylaluminum ethoxide; and 
dialkylaluminum aryloxides, such as diethylaluminum phenoxide. 

[0363] Of these, particularly preferable are trialkylaluminums and tricycloalkylaluminums. 
25 [0364] Also employable as the organoaluminum compound used for preparing the aluminoxane is isoprenylalumi- 
num represented by the formula (i-C 4 H 9 ) x Al y (C 5 H 10 ) 2 (wherein x, y, z are each a positive number, and z ;> 2x). 
[0365] The organoaluminum compounds mentioned above can be used in combination of two or more kinds. 
[0366] Examples of the solvents used for preparing the aluminoxane include: 

30 aromatic hydrocarbons, such as benzene, toluene, xylene, cumene and cymene; 

aliphatic hydrocarbons, such as pentane, hexane, heptane, octane, decane, dodecane, hexadecane and octade- 
cane; 

aiicyclic hydrocarbons, such as cyclopentane, cyclohexane, cyclooctane and methyicyclopentane; 
petroleum fractions, such as gasoline, kerosine and gas oil; and 
35 halides of these aromatic, aliphatic and aiicyclic hydrocarbons, particularly chlorides and bromides thereof. 

[0367] Also employable are ethers such as ethyl ether and tetrahydrofuran. 
[0368] Of the solvents, particularly preferable are aromatic hydrocarbons. 

40 Compound fc] which reacts wHh the metallocene compound fal to form an ion pair 

[0369] The compound [c] which reacts with the metal locene compound [a] to form an ion pair includes Lewis acid, 
ionic compounds, borane compounds and carborane compounds described in National Publications of international 
Patent No. 501950/1989 and No. 502036/1989, Japanese Patent Laid-Open Publication No. 179005/1991, No. 
45 179006/1991, No. 207703/1991 and No. 207704/1991 , and U.S. Patent No. 5,321,106. 

[0370] The Lewis acid includes Mg-containing Lewis acid, At-containing Lewis acid and B-containing Lewis acid. Of 
these, B-containing Lewis acid is preferred. 

[0371 ] The Lewis acid which contains a boron atom is, for example, a compound represented by the following for- 
mula: 

50 

BR 1 R 2 R 3 

wherein R 1 , R 2 and R 3 are each independently a phenyl group which may have a substituent such as fluorine, methyl 
or trifluoromethyl, or a fluorine atom. 
55 [0372] Examples of the compounds represented by the above formula include trif luoroboron, triphenylboron, tris(4- 
fluorophenyljboron, tris(3,5-dffluorophenyi)boron, tris(4-fluoromethylphenyl)boron, tris(pentafluorophenyl)boron, tris(p- 
tolyl)boron, tris(o-tolyl)boron and trls(3,5-dimethylphenyl)boron. Of these, particularly preferred is tris(pentafluorophe- 
nyl)boron. 
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[0373] The ionic compound employable in the invention is a salt comprising a cationic compound and an anionic 
corrpound. The anion reacts with the metallocene compound [a] to render the compound [a] cationic and to form an ion 
pair, thereby to stabilize the transition metal cation seed. Examples of such anions include organoboron compound 
anion, organoarsenic compound anion and organoaluminum compound anion. Preferable are anions which are rela- 
tively bulky and stabilize the transition metal cation seed. Examples of the cations include metallic cation, organometal- 
lie cation, carbonium cation, tripium cation, oxonium cation, sutfonium cation, phosphonium cation and ammonium 
cation. More specifically, there can be mentioned triphenylcarbenium cation, tributylammonium cation, N.N-dimethyl- 
ammonium cation, ferrocenium cation, etc. 

[0374] In the invention, ionic compounds containing an organoboron compound anion are preferred, and examples 
thereof include; 

trialkyl-substituted ammonium salts, such as triethyiammoniurmetrafphenyljboron, tripropylammoniumtetra(phe- 
nyl)boron. tri(n-butyl)ammoniumtetra{phenyl)boron, trimethylammoniumtetra(p-toiyl)boron. trimethylamrnoni- 
umtetra(o-tolyl)boron, tributylammoniumtetra(pentafluorophenyl)boron, tripropylammoniumtetra(o.p- 
dimethylphenyl)boron. tributylammoniumtetratm.m-dimethylphenyljboron. tributylammoniumtetra(p-trifluorometh- 
ylphenyl)boron, tri(n-butyl)ammoniumtetra(o-tolyl)boron and tri(n-butyl)ammoniumtetra(4-fluorophenyl)boron; 
N.N.-dialkylanilinium salts, such as N,N-dimethylaniliniumtetra(phenyl)boron, N,N-diethylaniliniumtetra(phe- 
nyl)boron and N,N-2,4,6-pentamethylaniliniumtetra(phenyl)boron; 

dialkylammonium salts, such as di(ni3ropyl)ammoniumtetra(pentafluorophenyl)boron and dicyclohexylammoni- 
umtetra(phenyl)boron; and 

triarylphosphonium salts, such as triphenyiphosphoniumtetra(phenyl)boron, tri(methylphenyl)phosphoni- 
umtetra(phenyt)boron and tri(dimethylphenyl)phosphoniumtetra(phenyOboron. 

[0375] As the ionic compounds containing a boron atom, triphenylcarbeniumtetrakis(pentaf luorophenyl)borate, 
N,N-dimethylaniliniumtetrakis(pentafluorophenyl)borate and ferroceniumtetrakis(pentafluorophenyl)borate are also 
employable in the invention. 

[0376] Further, the following ionic compounds containing a boron atom are also employable. (In the ionic com- 
pounds enumerated below, the counter ion is tri(n-butyl)ammonium, but the counter ion is in no way limited thereto.) 
[0377] That is, there can be mentioned salts of anion, for example, bis[tri(n-butyi)ammonium]nonaborate, bis[tri(n- 
butyl)ammonium]decaborate l bis[tri(n-butyl)ammonium] undecaborate, bis[tri(n-butyl)ammonium]dodecaborate, 
bis[tri(n-buty1)ammonium]decachlorodecaborate, bis[tri(n-butyl)ammonium]dodecachlorododecaborate, tri(n- 
butyOammonium-1 -carbadecaborate, tri(n-butyl)ammonium-1 -carbaundecaborate, tri(n-butyl)ammonium-1 -carbado- 
decaborate, tri(n-butyl)ammonium-1 -trimethylsilyl-1 -carbadecaborate and tri(n-butyl)ammoniumbromo-1 -carbado- 
decaborate. 

[0378] Moreover, borane compounds and carborane compounds are also employable. These compounds are used 
as the Lewis acid or the ionic compounds. 

[0379] Examples of borane compounds, carborane complex compounds and salts of carborane anions include 
decaborane(14), 7,8-dicarbaundecaborane(13), 2,7-dicarbaundecaborane(13), undecahydride-7,8-dimethyl-7,8-dicar- 
baundecaborane, dodecahydride-1 1-methyl-2,7-dicarbaundecaborane, tri(n-butyl)ammonium-6-carbadecaborate(14). 
tri(n-butyl)ammonium-6-carbadecaborate{12), tri(n-butyl)ammonium-7-carbaundecaborate(13). tri(n-butyi)amrnonium- 
7,8-dicarbaundecaborate(12), tri(n-butyl)ammonium-2.9-dicarbaundecaborate(12), tri(n-butyl)ammoniumdodecahy- 
dride-8-methyl-7.9-dicarbaundecaborate, tri(n-butyl)ammoniumundecahydride-8-ethyl-7 T 9<licarbaundecaborate. tri(n- 
butyl)ammoniumundecahydride-845ut^^^ tri(n-butyl)ammoniumundecahydride-8-allyl-7,9- 
dicarbaundecaborate, tri(n43utyl)ammoniumundecahydride-9-trimtf and tri(n- 

butyi)amrroniurruirKJecahydride^,6<libro^ 

[0380] Examples of carborane compounds and salts of carboranes include 4-carbanonaborane(14), 1 ,3-dicarba- 
nonaborane(13), 6,9-dicarbadecaborane(14), dodecahydride-l-phenyl-l,3-dicarbanonaborane, dodecahydride-1 - 
methyl-1 ,3-dicarbanonaborane and undecahydride-1,3-dimethyl-1,3-dicarbanonaborane. 

[0381 ] Furthermore, the following compounds are also employable. (In the ionic compounds enumerated below, the 
counter ion is tri(n-butyl)ammonium, but the counter ion is in no way limited thereto.) 

[0382] That is, there can be mentioned salts of metallic carboranes and metallic borane anions, for example, tri(n- 
butyl)ammoniumbis(nonahydride-1 ,3- dicarbanonaborate)cobaltate(lll), tri(n-butyl)ammoniumbis(undecahydride-7,8- 
dicarbaundecaborate)ferrate(lll). tri(n-butyl)ammoniumbis(undecahydr^^ 

tri(n-butyl)ammoniumbis(underahydride tri(n-butyl)ammoniumbis(undecahy- 
dride-7,8-dicarbaundecaborate)cuprate(lll), tri(n4xftyl)ammoniumbis(uixiecah^ 

rate)aurate(lll), tri(n-lxityl)ammoniurrfois(nonahydrid^^ tri(n- 
butyt)ammoniumbis(nonahydride-7,8-dimethyl-7.8-dicarbaundecaborate) tri(n-butyl)ammoniumbis(tribro- 
mooctahydride-7 f 8-dicarbaundecaborate)cobaltate(lll), . tri(n-butyl)ammoniumbis(dodecahydridedicarbadodecabo- 



42 



. <EP 1016689A2_L> 



EP1 016 689 A2 



rate)cobattate(IN), bis[tri(n-butyOammonium]bis(dc^ tris[tri(n- 

butyl)ammonium]bis(undecahydride-7-carbaunde bis[tri(n-butyOammonium]bis(undecahydride- 
7-carbaundecaborate)manganate(IV), bis[tri(n-butyl)ammonium]bis(undeca^ 
tate(lll) and bis[tri(n^utyl)ammonium]bis(undecahydrid©-7- carbaundecaborate)nickelate(IV). 
5 [0383] The compounds [c] mentioned above can be used singly or in combination of two or more kinds. 

OrgflnpflltJminMm cprnpound [d] 

[0384] The organoaiuminum compound [d] used in the invention can be represented by, for example, the following 
10 general formula (a): 

R 5 n AIX 3 . n (a) 

wherein R 5 is a hydrocarbon group of 1 to 12 carbon atoms, X is a halogen atom or hydrogen, and n is 1 to 3. 
15 [0385] in the formula (a), R 5 is a hydrocarbon group of 1 to 1 2 carbon atoms, e.g., an alkyl group, a cycioalky! group 
or an aryl group. Examples of such groups include methyi, ethyl, n-propyl, isopropyl, isobutyl, pentyl, hexyl, octyl, 
cyclopentyt, cyclohexyl, phenyl and tolyl. 

[0386] Examples of such organoaiuminum compounds include: 

20 trialkylaluminums, such as trimethylaluminum, triethylalurninum, triisopropylaluminum, triisobutylaluminum, triocty- 
laluminum and tri-2-ethylhexylaluminum; 
alkenylalurrtinums, such as isoprenylaluminum; 

dialkylaluminum halides, such as dimethylaluminum chloride, diethylaluminum chloride, diisopropylaluminum chlo- 
ride, diisobutylaluminum chloride and dimethylaluminum bromide; 
25 alkylaluminum sesquihatides, such as methytalumtnum sesquichloride, ethylaluminum sesquichloride, isopropyia- 
luminum sesquichloride, butylaiuminum sesquichloride and ethylaluminum sesquibromide; 
alkylaluminum dihalides, such as methytalumtnum dichioride, ethylaluminum dichloride, isopropylaluminum dichlo- 
ride and ethylaluminum dibromide; and 

alkylaluminum hydrides, such as diethylaluminum hydride and diisobutylaluminum hydride. 

30 

[0387] Also employable as the organoaiuminum compound [d] is a compound represented by the following formula 
(b): 

R 5 nA!Y 3 . n (b) 

36 

wherein R 5 is the same as R 5 in the formula (a); Y is -OR 6 group, -OSiR 7 3 group, -OAlR 8 2 group, -NR 9 2 group, -SiR 10 3 
group or -N(R 11 )AIR 12 2 group; n is 1 to 2; R 6 , R 7 , R 8 and R 12 are each methyl, ethyl, isopropyl, isobutyl, cyclohexyl, 
phenyl or the like; R 9 is hydrogen, methyl, ethyl, isopropyl, phenyl, trimethylsilyl or the like; and R 10 and R 11 are each 
methyl, ethyl or the like. 
40 [0388] Examples of such organoaiuminum compounds include: 

(i) compounds of the formula R 5 n AI(OR 6 ) 3 . n , e.g.. dimethylaluminum methoxide, diethylaluminum ethoxide and 
diisobutylaluminum methoxide; 

(ii) compounds of the formula R^AKOSiR 7 ^, e.g., (C 2 Hs) 2 AI(OSi(CH 3 ) 3 ), (iso-C 4 H 9 ) 2 AI(OSi(CH 3 ) 3 ) and (iso- 
45 C 4 H 9 ) 2 AI(OSi(C 2 H5)3); 

(iii) compounds of the formula R 5 n AI(OAIR 8 2 ) 3 . n , e.g.. (C2H 5 ) 2 AI(OAI(C2H 5 )2) and (iso-C^gfeAKOAIOso-C^g)^; 

(iv) compounds of the formula R^AKNR 9 ^, e.g., (CH3) 2 Al(N(C2H5)2), (C2H5)2AI(NH(CH 3 )) ( 
(CH 3 ) 2 Al(NH(C 2 H5)) f (^HsJgAIINfSKCH^Ja] and flsc-C^teAIMSKCHa)^; and 

(v) compounds of the formula R 5 nAI(SiR 10 a)3_ n , e.g., (iso-C 4 H 9 ) 2 AI(Si(CH 3 ) 3 ). 

so 

[0389] Of these, preferable are organoaiuminum compounds of the formulae R 5 3 AI, R^AKOR 6 ^ and R 5 n AI 
(OAIR 8 2 ) 3 . n , and particularly preferred are compounds of said formulae wherein R 5 is an isoalkyl group and n is 2. The 
organoaiuminum compounds mentioned above can be used in combination of two or more kinds. 
[0390] The specific metallocene catalyst employable in the invention contains the metal locene compound [a], and 
55 the catalyst can be formed from, for example, the metallocene compound [a] and the organoaiuminum oxy-compound 
[b] as mentioned above. The metallocene catalyst may be formed from the metallocene compound [a] and the com- 
pound [c] which reacts with the compound [a] to form an ion pair, or it may be formed from the metallocene compound 
[a], the organoaiuminum oxy-compound [b] and the compound [c] which forms an ion pair. In these embodiments, it is 
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particularly preferable to further use the organoaluminum compound [d] in combination. 

[0391 ] In the present invention, the metallocene compound [a] is used in an amount of usually about 0.00005 to 0. 1 . 
mmol, preferably about 0.0001 to 0.05 mmol, in terms of the transition metal atom, based on 1 liter of the polymerization 
volume. 

[0392] The organoaluminum oxy-compound [b] is used in such an amount that the amount of the aluminum atom 
becomes usually about 1 to 10,000 mol, preferably 10 to 5,000 mol, per 1 mol of the transition metal atom. 
[0393] The compound [c] which reacts with the metallocene compound [a] to form an ion pair is used in such an 
amount that the amount of the boron atom becomes usually about 0.5 to 20 mol, preferably 1 to 10 mol, based on 1 mot 
of the transition metal atom. 

[0394] The organoaluminum compound [d] is used optionally in an amount of usually about 0 to 1 ,000 mol, prefer- 
ably about 0 to 500 mol, based on 1 mol of the aluminum atom in the organoaluminum oxy-compound [b] or the boron 
atom in the compound [c] which forms an ion pair. 

[0395] By copolymerizing ethylene and an a-olefin of 3 to 20 carbon atoms or copolymerizing these components 
and a nonconjugated polyene using the above-mentioned metallocene catalyst, the linear or long-chain branched eth- 
ylene/a-olefin copolymer rubber (F) or the linear or long-chain branched ethylene/a-olefin/nonconjugated polyene 
copolymer rubber (B) can be obtained with high polymerization activities. 

[0396] However, even if ethylene, an a-olefin of 3 to 20 carbon atoms and a nonconjugated polyene are copolym- 
erized using a Group VB transition metal compound catalyst such as a vanadium catalyst, it is impossible to obtain 
copolymer rubbers with high polymerization activity. 

[0397] Further, in the preparation of, for example, an ethylene/1 -butene/nonconjugated copolymer rubber or EPDM 
using the Group VB transition metal compound catalyst, the kinds of the nonconjugated polyenes employable are often 
limited to norbornene ring-containing polyenes such as ENB. 

[0398] On the other hand, when the metallocene catalyst is used similarly to the present invention, the kinds of the 
nonconjugated polyenes are not limited to the noibornene ring-containing polyenes, and the aforementioned various 
kinds of polyenes including chain nonconjugated polyenes such as methyloctadiene (MOD, e.g., 7-methyl-1,6-octadi- 
ene) are also copolymerizable. 

[0399] In the copolymerization of ethylene and an a-olefin of 3 to 20 carbon atoms or copolymerization of these 
components and a nonconjugated polyene, the metallocene compound [a], the organoaluminum oxy-compound [b] and 
the compound [c] which forms an ion pair, and optionally, the organoaluminum compound [d], all of which constitute the 
metallocene catalyst, may be separately fed to the polymerization reactor, or a preliminarily prepared metallocene cat- 
alyst containing the metallocene compound [a] may be added to the polymerization reaction system. 
[0400] In the preparation of the metallocene catalyst, hydrocarbon solvents which are inert to the catalyst compo- 
nents can be employed. Examples of the inert hydrocarbon solvents include aliphatic hydrocarbons, such as propane, 
butane, pentane, hexane, heptane, octane, decane, dodecane and kerosine; alicyclic hydrocarbons, such as cyclopen- 
tane, cyclohexane and methylcyclopentane; aromatic hydrocarbons, such as benzene, toluene and xylene; and halo- 
genated hydrocarbons, such as ethylene chloride, chlorobenzene and dichloromethane. These hydrocarbon solvents 
can be used singly or in combination. 

[0401] The metallocene compound [a], the organoaluminum oxy-compound [b], the compound [c] which forms an 
ion pair and the organoaluminum compound [d] can be contacted with each other at a temperature of usually -100 to 
200 °C. preferably -70 to 100 °C. 

[0402] In the present invention, copolymerization of ethylene, the a-olef in of 3 to 20 carbon atoms and the noncon- 
jugated polyene can be carried out under the conditions of a temperature of usually 40 to 200 °C, preferably 50 to 150 
°C. particularly preferably 60 to 120 °C, and a pressure of atmospheric pressure to 100 kg/cm 2 , preferably atmospheric 
pressure to 50 kg/cm 2 , particularly preferably atmospheric pressure to 30 kg/cm 2 . The residence time (polymerization 
reaction time) is in the range of usually 0.1 to 4 hours. 

[0403] On the other hand, copolymerization of ethylene and the a-olefin of 3 to 20 carbon atoms can be carried out 
under the conditions of a temperature of usually 40 to 250 °C, preferably 50 to 200 °C, particularly preferably 60 to 160 
°G, and a pressure of atmospheric pressure to 100 kg/cm 2 , preferably atmospheric pressure to 50 kg/cm 2 , particularly 
preferably atmospheric pressure to 30 kg/cm 2 . The residence time (polymerization reaction time) is in the range of usu- 
ally 0.1 to 4 hours, preferably 0.2 to 2 hours. 

[0404] These polymerization reactions can be conducted by various polymerization processes, but they are prefer- 
ably conducted by a solution polymerization process. In the solution polymerization process, the aforesaid hydrocarbon 
solvents are employable as the polymerization solvents. 

[0405] Though the copolymerization can be carried out by any of batchwise. semi-continuous and continuous proc- 
esses, it is preferably carried out continuously. The polymerization can be carried out in two more stages under different 
reaction conditions. 

[0406] The ethylene/a-olefin/nonoonjugated polyene copolymer rubber (B) and the ethylene/a-olefin copolymer 
rubber (F) used in the invention are obtained by the processes mentioned above, and the molecular weight of these 
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copolymer rubbers can be modified by varying the polymerization conditions such as polymerization temperature or 
controlling the amount of hydrogen (molecular weight modifier). 

EFFECT OF THE INVENTION 

5 

[0407] The olefin thermoplastic elastomer composition according to the invention comprises the crystalline polyole- 
fin resin (A) and the ethylene/a-olefin/nonconjugated polyene copolymer rubber (B) in a specific ratio. The copolymer 
rubber (B) is a random copolymer of ethylene, an a-olefin of 3 to 20 carbon atoms and a nonconjugated polyene pre- 
pared by the use of a metallocene catalyst containing a specific metaliocene compound, and this copolymer rubber has 
10 a specific molar ratio of the units derived from ethylene to the units derived from the a-olefin of 3 to 20 carbon atoms, a 
specific iodine value and a specific intrinsic viscosity fa). Therefore, even if the composition of the invention is in the 
non-crosslinked form, it can provide molded products of more excellent tensile strength, elongation at break, elasto- 
meric properties, heat resistance and low-temperature properties than the conventional non-crosslinked olefin thermo- 
plastic elastomers. 

75 [0408] The olefin thermoplastic elastomer composition of the invention comprises the components (A) and (B) in a 
specific ratio as described above, and therefore, especially when the composition is in the partially or completely 
crosslinked form, it can provide molded products of more excellent low-temperature properties, tensile strength, elon- 
gation at break and elastomeric properties than the conventional vulcanized rubbers. 

[0409] The other olefin thermoplastic elastomer composition according to the invention comprises the crystalline 
20 polyolef in resin (E) and the specific ethylene/a-olefin copolymer rubber (F) in a specific ratio, and is crosslinked. There- 
fore, this composition can provide molded products of more excellent tensile properties such as tensile strength and 
elongation at break than the conventional vulcanized rubbers. 

EXAMPLE 

25 

[041 0] The present invention will be further described with reference to the following examples, but it should be con- 
strued that the invention is in no way limited to those examples. 

[0411] Properties of the olefin thermoplastic elastomer compositions obtained in Examples 1 to 12 and Compara- 
tive Examples 1 to 6 were measured by the following methods. 

30 

Measurement of prgpgrtigg 

(1) Tensile strength 

35 [0412] The tensile strength at break was measured in accordance with JIS K 6301 at a stress rate of 200 mm/min. 

(2) Elongation at break 

[041 3] The elongation at break was measured in accordance with JIS K 6301 at a stress rate off 200 mm/min. 

40 

(3) Elongation set 

[0414] The elongation set was measured in accordance with JIS K 6301 . In this method, the length maintained was 
a length corresponding to an elongation of 100 %. 
45 [0415] Properties of the olefin thermoplastic elastomer compositions obtained in Examples 13 to 19 and Compar- 
ative Examples 7 to 10 were measured by the following methods. 

Measurement, of prppsn^s 

so (1) Hardness 

[041 6] The JIS A hardness was measured in accordance with JIS K 6301 . 
(2) Tensile strength 

55 

[0417] The tensile strength at break was measured in accordance with JIS K 6301 at a stress rate of 200 mm/min. 
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(3) Elongation at break 

[0418] The elongation at break was measured in accordance with JIS K 6301 at a stress rate of 200 mm/min. 
5 Examples 1-12 relating to olefin thermoplastic elastomer compositions of the invention. Comparative E xamples 1 - 6 
Reference Example, 1 

Pre-contact of zirconiu m compound with methylaluminooxane and preparation of catalyst solution 

10 

Zirconium compound : rac-Dimethylsilylene-bis{1 -(2-ethyl-4-isopropyl-7-methylindenyl)}zirconium dichloride 
[0419] 

15 



20 



25 



30 

[0420] A zirconium compound of the above formula in a given amount and a toluene solution of methylaluminoox- 
ane (1 .2 mg • atom/ml in terms of aluminum atom) were mixed under stirring at room temperature for 30 minutes in a 
dark place, to prepare a toluene solution of the zirconium compound and methylaluminooxane. The toluene solution 
had a Zr concentration of 0.004 mmolAnl and a methylaluminooxane concentration of 1 .2 mg • atom/ml in terms of alu- 
35 minum atom. 

[0421 ] To the toluene solution was added hexane in an amount of 5 times as much as toluene with stirring, to pre- 
pare a catalyst solution having the following Zr concentration and methylaluminooxane concentration. This catalyst 
solution was used as a catalyst for polymerization reaction. 

40 Zr concentration: 0.00067 mmol/ml (= 0.67 mmol/l) 

Methylaluminooxane concentration (in terms of aluminum atom): 0.20 mmol/ml (= 200 mmol/l) 

Polymerizfrtion 

45 [0422] In a 15 liter stainless steel polymerization reactor equipped with a stirrer, copolymerization of ethylene, 1- 
butene and 5-ethylidene-2-norbornene (sometimes referred to as "ENET hereinafter) was continuously carried out in the 
presence of the polymerization reaction catalyst obtained above. 

[0423] That is, to the reactor were continuously fed, from an upper part of the reactor, dehydrated and purified hex- 
ane at a feed rate of 3.185 l/hr, the catalyst solution at a feed rate of 0.67 l/hr, a hexane solution of triisobutylaluminum 
so (concentration: 17 mmol/l) at a feed rate of 0.3 l/hr and a hexane solution of ENB (concentration: 0.02 l/l) at a feed rate 
of 1.5 l/hr. 

[0424] Further, to the reactor were continuously fed, from the upper part of the reactor, ethylene at a feed rate of 
200 l/hr and 1 -butene at a feed rate of 1 55 l/hr. The copolymerization reaction was conducted under the conditions of a 
temperature of 80 °C and a mean residence time of 1 hour (polymerization scale: 5 liters). 
55 [0425] Then, to the polymerization solution drawn out from the bottom of the reactor was added a small amount of 
methanol to terminate the polymerization reaction. The solution was then subjected to steam stripping to separate a 
polymer from the solvent. Then, the polymer was dried at 1 00 °C for 24 hours under reduced pressure (1 00 mmHg). 
[0426] Thus, an ethylene/1 -butene/ENB copolymer rubber (copolymer rubber (B-1)) was obtained in an yield of 250 
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g per hour. 

[0427] The copolymer rubber thus obtained had a molar ratio of the units derived from ethylene to the units derived 
from 1 -butene of 79/21 (ethylene/1 -butene) and an iodine value based on ENB of 10. 

[0428] The copolymer rubber had an intrinsic viscosity {rfi, as measured in decalin at 135 °C, of 2.7 dl/g, an inten- 
5 sity ratio D of Tap to Taa in the 13 C-NMR spectrum of less than 0.01 , a B value of 1 .1 , a glass transition temperature 
(Tg) of -56 °C and a gV value of 0.98. 
[0429] The results are set forth in Table 1 

Reference Examples 2 and 3 

[0430] Ethylene/a-olef in/nonconjugated polyene copolymer rubbers (copolymer rubbers (B-2) and (B-3)) were pre- 
pared in the same manner as in Reference Example 1 except that the copolymerization reaction was carried out under 
the different polymerization conditions. 

[0431] The molar ratio of the units derived from ethylene to the units derived from the a-olef in. iodine value, intrinsic 
viscosity fa), D value. B value. Tg and gV value of the copolymer rubbers are set forth in Table 1 . 

Reference Example 4 

[0432] An ethylene/a-olef in/nonconjugated polyene copolymer rubber (copolymer rubber (B-4)) was obtained in the 
20 same manner as in Reference Example 1 except that the following zirconium compound was used as a catalyst. 



w 



15 




rac-Dimethylsilylene-bis{1 -(2-methyl-4iDhenylindenyl)}zirconium dichloride 

40 

[0433] The molar ratio of the units derived from ethylene to the units derived from the a-olef in. iodine value, intrinsic 
viscosity (n). D value. B value. Tg and gri* value of the copolymer rubber are set forth in Table 1 . 



Table 1 



50 



55 





Ref. Ex. 1 


Ref. Ex. 2 


Ref. Ex. 3 


Ref. Ex. 4 


Copolymer rubber 


B-1 


B-2 


B-3 


B-4 


a-Olefin 


1 -butene 


1-octene 


1 -butene 


1 -butene 


Ethylene /a-Olef in (by mol) 


79/21 


82/18 


70/30 


79/21 


Iodine value 


10 


13 


- 12 


13 


(n) (dl/g) 


2.7 


2.7 


2.9 


2.6 


D value 


<0.01 


<0.01 


<0.01 


<0.01 


B value 


1.1 


1.1 


1.1 


1.1 


Tg(°C) 


-56 


-54 


-59 


-56 
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Table 1 (continued) 





Ref. Ex. 1 


Rei Ex. 2 


Ref. Ex. 3 


Ref. Ex 4 


gr\* value 


0.98 


0.99 


0.98 


0.67 



Examples relating to non-crosslinked thermoplastic elastomer compositions 
Example 1 

[0434] 50 Parts by weight of the ethylene/1 -butene/5-ethylidene-2-norbornene copolymer rubber (EM) obtained in 
Reference Example 1 and 50 parts by weight of a propylene homopolymer (A-1) having MFR (ASTM D 1238-65T, 230 
°C) of 1 1 g/10 min and a density of 0.91 g/cm 3 were kneaded at 180 °C for 10 minutes by means of a Banbury mixer. 
The kneadate (which was an olefin thermoplastic elastomer composition) was passed through open rolls, and the 
resulting sheet was cut by a sheet cutter to obtain square pellets. 

[0435] The pellets were injection molded to prepare a given specimen, and the properties (tensile strength, elon- 
gation at break and elongation set) of the specimen were measured by the methods previously described. 
[0436] The results are set forth in Table 2. 

Example 2 

[0437] An olefin thermoplastic elastomer composition was prepared in the same manner as in Example 1 except 
that the ethylene/1 -octene/5-ethylidene-2-norbornene copolymer rubber (B-2) obtained in Reference Example 2 was 
used in place of the ethylene/1 -butene/5-ethylidene-2-norbornene copolymer rubber (B-1). The properties of the olefin 
thermoplastic elastomer composition were measured by the methods previously described. 
[0438] The results are set forth in Table 2. 

Example 3 

[0439] An olefin thermoplastic elastomer composition was prepared in the same manner as in Example 1 except 
that the ethylene/1 -butene/5-eihylidene-2-norbornene copolymer rubber (B-3) obtained in Reference Example 3 was 
used in place of the ethylene/1 -butene/5-ethylidene-2-norbornene copolymer rubber (B-1). The properties of the olefin 
thermoplastic elastomer composition were measured by the methods previously described. 
[0440] The results are set forth in Table 2. 

Example 4 

[0441] An olefin thermoplastic elastomer composition was prepared in the same manner as in Example 1 except 
that the ethylene/1 -butene/5-ethylidene-2-norbornene (B-4) copolymer rubber obtained in Reference Example 4 was 
used in place of the ethylene/1 -butene/5-ethylidene-2-norbornene copolymer rubber (B-1). The properties of the olefin 
thermoplastic elastomer composition were measured by the methods previously described. 
[0442] The results are set forth in Table 2. 

Corrwative Example 1 

[0443] An olefin thermoplastic elastomer composition was prepared in the same manner as in Example 1 except 
that an ethylene/propylene/5-ethylidene-2-norbornene copolymer rubber (EPDM-1). which has an ethylene content of 
80 % by mol. an iodine value of 1 0 and an intrinsic viscosity Cn) of 2.8 dl/g and which was produced by using a catalyst 
having no aforesaid metallocene compound, was used in place of the ethylene/1 -butene/5-ethylidene-2-norbornene 
copolymer rubber (B-1). The properties of the olefin thermoplastic elastomer composition were measured by the meth- 
ods previously described. 
[0444] The results are set forth in Table 2. 



Table 2 





Ex. 1 


Ex.2 


Ex.3 


Ex.4 


Comp. Ex. 1 


Tensile strength (kg/cm 2 ) 


103 


98 


107 


106 


79 
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Table 2 (continued) 





Ex. 1 


Ex.2 


Ex.3 


Ex.4 


Comp. Ex. 1 


Elongation at break (%) 


530 


550 


510 


570 


410 


Elongation set (%) 


34 


31 


35 


32 
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Example 5 

w [0445] An olefin thermoplastic elastomer composition was prepared in the same manner as in Example 1 except 
that the amount of the ethylene/1 -butene/5-ethylidene-2-norbomene copolymer rubber (B-1 ) and the amount of the pro- 
pylene homopolymer (A-1 ) were varied to 75 parts by weight and 25 parts by weight, respectively. The properties of the 
olefin thermoplastic elastomer composition were measured by the methods previously described. 
[0446] The results are set forth in Table 3. 

is 

Comparative Example 2 

[0447] An olefin thermoplastic elastomer composition was prepared in the same manner as in Example 5 except 
that the ethylene/propylene/5-ethylidene-2-norbomene copolymer rubber (EPDM-1) of Comparative Example 1 was 
20 used in place of the ethylene/1 -butene/5-etriylidene-2-norbornene copolymer rubber (B-1). The properties of the olefin 
thermoplastic elastomer composition were measured by the methods previously described. 
[0448] The results are set forth in Table 3. 



Table 3 





Ex. 5 


Comp. Ex 2 


Tensile strength (kg/cm 2 ) 


38 


29 


Elongation at break (%) 


620 


390 


Elongation set (%) 


11 


16 



Exqnple $ 

35 [0449] An olefin thermoplastic elastomer composition was prepared in the same manner as in Example 1 except 
that 40 parts by weight of a mineral oil type softener (trade name: PW-380, available from Idemitsu Kbsan Co., Ltd.) and 
20 parts by weight of talc (trade name: ET-5. available from Matsumura Sangyo K.K.) were further compounded in addi- 
tion to the ethylene/1 -butene/5-ethylidene-2-norbornene copolymer rubber (B-1) and the propylene homopolymer (A- 
1). The properties of the olefin thermoplastic elastomer composition were measured by the methods previously 

40 described. 

[0450] The results are set forth in Table 4. 

fompqrqtive Example 3 

45 [0451] An olefin thermoplastic elastomer composition was prepared in the same manner as in Example 6 except 
that the ethylene/propylene/5-ethylidene-2-norbornene copolymer rubber (EPDM-1) of Comparative Example 1 was 
used in place of the ethylene/1 -butene/5-ethy(idene-2-norbornene copolymer rubber (B-1). The properties of the olefin 
thermoplastic elastomer composition were measured by the methods previously described. 
[0452] The results are set forth in Table 4. 

so 



Table 4 





Ex.6 


Comp. Ex. 3 


Tensile strength (kg/cm 2 ) 


164 


135 


Elongation at break (%) 


560 


430 


Elongation set (%) 


33 
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Examples relating to partially or completely crosstin ked thermoplastic elastomer compositions 
Example 7 

[0453] To 50 parts by weight of the ethylene/1 -butene/5-ethylidene-2-norbornene copolymer rubber (B-1 ) obtained 
in Reference Example 1 and 50 parts by weight of the propylene homopolymer (A-1 ) of Example 1 were added 0.2 part 
by weight of organic peroxide (2,5KJimethyl-2,5<li(tert-butyiperoxy)hexyne-3) and 0.3 part by weight of dMnyibenzene 
(DVB), and they were sufficiently mixed in a Henschel mixer. The mixture was kneaded at 180 °C for 10 minutes by 
means of a Banbury mixer. The kneadate which was an olefin thermoplastic elastomer composition was passed 
through open rolls, and the resulting sheet was cut by a sheet cutter to obtain square pellets. 
[0454] The pellets were injection molded to prepare a given specimen, and the properties of the specimen were 
measured by the methods previously described. 
[0455] The results are set forth in Table 5. 

Example 8 

[0456] An olefin thermoplastic elastomer composition was prepared in the same manner as an Example 7 except 
that the ethylene/1 -octene/5-ethylidene-2-norbornene copolymer rubber (B-2) was used in place of the ethylene/1 - 
butene/5-ethylidene-2-norbornene copolymer rubber (B-1). The properties of the olefin thermoplastic elastomer com- 
position were measured by the methods previously described. 
[0457] The results are set forth in Table 5. 

Example 9 

[0458] An olefin thermoplastic elastomer composition was prepared in the same manner as in Example 7 except 
that the ethylene/l-butene/5-ethy1idene-2-norbornene copolymer rubber (B-3) was used in place of the ethylene/1 - 
butene75-ethylidene-2-norbornene copolymer rubber (B-1). The properties of the olef in thermoplastic elastomer com- 
position were measured by the methods previously described. 
[0459] The results are set forth in Table 5. 

QomparatiYe Exampl&jt 

[0460] An olefin thermoplastic elastomer composition was prepared in the same manner as in Example 7 except 
that the ethylene/propylene/5-ethylidene-2-norbornene copolymer rubber (EPDM-1) of Comparative Example 1 was 
used in place of the ethylene/1 -butene/5-ethylidene-2-norbornene copolymer rubber (B-1 ). The properties of the olefin 
thermoplastic elastomer composition were measured by the methods previously described. 
[0461 ] The results are set forth in Table 5. 



Table 5 





Ex.7 


Ex 8 


Ex.9 


Comp. Ex. 4 


Tensile strength kg/cm 2 ) 


254 


240 


260 


178 


Elongation at break (%) 


620 


600 


640 


510 


Elongation set (%) 


25 


23 


26 


42 


Gel content (% by weight) 


70 


68 


72 


48 



Example ]fl 

[0462] An olefin thermoplastic elastomer composition was prepared in the same manner as in Example 7 except 
that the amount of the ethylene/1 -butene/5-ethylidene-2-norbornene copolymer rubber (B-1) and the amount of the pro- 
pylene homopolymer (A-1 ) were varied to 75 parts by weight and 25 parts by weight, respectively. The properties of the 
olefin thermoplastic elastomer composition were measured by the methods previously described. 
[0463] The results are set forth in Table 6. 
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E*flrnp|3 11 

[0464] An olefin thermoplastic elastomer composition was prepared in the same manner as in Example 10 except 
that the ethylene/1 -butene/5-ethylidene-2-norbornene copolymer rubber (B-4) was used in place of the ethylene/1 - 
s butene/5-ethylidene-2-norbomene copolymer rubber (B-1 ). The properties of the olefin thermoplastic elastomer com- 
position were measured by the methods previously described. 
[0465] The results are set forth in Table 6. 

Qpmparativs jj&aPBte 5 

10 

[0466] An olefin thermoplastic elastomer composition was prepared in the same manner as in Example 10 except 
that the ethylene/propylene/5-ethylidene-2-norbornene copolymer rubber (EPDM-1) of Comparative Example 1 was 
used in place of the ethylene/1 -butene/5-ethylidene-2-norbornene copolymer rubber (B-1). The properties of the olefin 
thermoplastic elastomer composition were measured by the methods previously described. 
is [0467] The results are set forth in Table 6. 



Table 6 





Ex. 10 


Ex. 11 


Comp.Ex. 5 


Tensile strength (kg/cm 2 ) 


66 


64 


46 


Elongation at break (%) 


680 


650 


490 


Elongation set (%) 


4 


3 


8 


Gel content (% by weight) 


71 


73 
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Example 13 

30 [0468] An olefin thermoplastic elastomer composition was prepared in the same manner as in Example 7 except 
that 40 parts by weight of a mineral oil type softener (trade name: PW-380, available from Idemitsu Kosan Co., Ltd.) and 
20 parts by weight of talc (trade name: ET-5, available from Matsumura Sangyo K.K.) were further compounded in addi- 
tion to the ethylene/1 -butene/5-ethylidene-2-norbornene copolymer rubber (B-1) and the propylene homopolymer (A- 
1). The properties of the olefin thermoplastic elastomer composition were measured by the methods previously 

35 described. 

[0469] The results are set forth in Table 7. 

Qompqrative ExgmplQ g 

40 [0470] An olefin thermoplastic elastomer composition was prepared in the same manner as in Example 12 except 
that the ethylene/propyfene/5-ethylidene-2-norbornene copolymer rubber (EPDM-1) of Comparative Example 1 was 
used in place of the ethylene/1 -butene/5-ethylidene-2-norbornene copolymer rubber (B-1). The properties of the olefin 
thermoplastic elastomer composition were measured by the methods previously described. 
[0471 ] The results are set forth in Table 7. 

45 



Table 7 





Ex. 12 


Comp. Ex. 6 


Tensile strength (kg/cm 2 ) 


256 


220 


Elongation at break (%) 


630 


550 


Elongation set (%) 


24 


30 


Qel content (% by weight) 


69 


50 



51 



BNSDOCID: <EP 1016688A2_I_> 



EP1 016689 A2 

Examples 13-19 relating to other olefin thermoplastic elastomer compositions of the invention. Comparative 



Examples 7 '..10 

5 [0472] Described below are starting materials used for preparing the olefin thermoplastic elastomer compositions 
in the following examples. 

Crystalline pQlyplef in resin (E) 

10 (E-1) Propylene/ethylene copolymer 

[0473] 

(1) ethylene content: 3 % by mol 
is (2) MFR (ASTM D 1238-65T, 230 °C. load of 2.16 kg): 25 g/10 min 

Olefin rubber (G) 

(G-1) EthyleneA>ropylene^-ethylidene-2-norbornene copolymer rubber 

20 

[0474] 

(1) ethylene content: 78 % by mol 

(2) iodine value: 8.2 

25 (3) Mooney viscosity (ML 1+4 (1 00°C)): 62 

(G-2) Butyl rubber 
[0475] 

30 

(1) degree of unsaturation: 0.7 % by mol 

(2) Mooney viscosity (ML 1+4 (100°C)): 55 

(G-3) Ethylene/iDropylene copolymer rubber 

35 

[0476] 

(1) density: 0.868 g/cm 3 

(2) ethylene content: 81 % by mol 

40 (3) MFR (ASTM D 1238-65T, 190 °C. load of 2.16 kg): 0.4 g/10 min 

(4) intrinsic viscosity (r\) as measured in decalin at 135 °C: 2.2 dl/g 

(5) mean molecular weight distribution (Mw/Mn): 2.19 

(6) flow index (Fl): 70 sec -1 

45 Softener (H) 

(H-1) Mineral oil type process oil 

[0477] trade name: PW-380, available from Idemitsu Kosan Co., Ltd. 

50 

Reference Example $ 

Preparation of catalyst solution 

55 [0478] In a dark place, 51 g of the rac-dimethylsilylene-bis{1-(2-methyi-4-phenyltndenyl)}zircontum dichloride rep- 
resented by the aforesaid formula, 1.57 liters of a toluene solution of methytaluminooxane (aluminum: 1.1 mol/l) and 
2.76 liters of toluene were mixed under stirring at room temperature for 30 minutes to prepare a catalyst solution. 
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ppivroerizflion 

[0479] in a continuous solution polymerization apparatus, copolymerization of ethylene and 1-octene was carried 
out under the conditions of a total pressure of 6 kg/crrr^-G and a polymerization temperature of 90 °C. Then, to the sys- 
5 tern were continuously fed the catalyst solution obtained above at a feed rate of 0.02 mmol/hr (in terms of zirconium 
atom) and triisobutylaluminum at a feed rate of 1 0 mmol/hr to perform polymerization. During the polymerization, ethyl- 
ene, 1 -octene and hydrogen were continuously fed to keep the monomer ratio constant (monomer ratio in gas state (by 
mol): ethylene/1 -octene = 0.83, hydrogen/ethylene « 0.002). 

[0480] Thus, an ethylene/1 -octene copolymer rubber (F-1) was obtained in an yield of 5 kg per hour. 
10 [0481] The copolymer rubber (F-1) thus obtained had a molar ratio of the units derived from ethylene to the units 
derived from 1 -octene of 83/1 7 (ethylene/1 -octene). 

[0482] The copolymer rubber had a density of 0.861 g/cm 3 , MFR of 0.4 g/10 min. an intrinsic viscosity fa), as meas- 
ured in decalin at 135 °C. of 2.0 dl/g. an intensity ratio D of Tap to Taa in the 13 C-NMR spectrum of 0.01 , a B value of 
1 . 1 . a glass transition temperature (Tg) of -65 °C, a gri * value of 0.84, a mean molecular weight cfistribution (Mw/Mn) of 

15 2.2 and a flow index (Fl) of 125 sec' 1 . 

[0483] The flow index (Fl) is defined as a shear rate given when the shear stress at 190 °C reaches 2.4 x 10 6 
dyne/cm 2 . The flow index (Fl) of a resin can be determined in the following manner. The resin is extruded from a capil- 
lary with varying a shear rate to measure a shear stress, and the shear rate which conesponds to the shear stress of 
the above-mentioned value 2.4 x 10 6 dyne/cm 2 gives the flow index (F1 ). In the following examples, the flow index (Fl) 

20 of the pellets was determined under the conditions of a resin temperature of 1 90 °C and a shear stress measured about 
5 x 10 4 to 3 x 10 6 dyne/cm 2 by means of a capillary flow property tester manufactured by Toyo SeiW Seisakusho K.K. 
[0484] The results are set forth in Table 8. 

rWenpe Example 6 

25 

[0485] An ethylene/1 -butene copolymer rubber (F-2) was prepared in the same manner as in Reference Example 
5 except that the copolymerization reaction was carried out under the different polymerization conditions. 
[0486] The molar ratio of the units derived from ethylene to the units derived from 1 -butene, iodine value, intrinsic 
viscosity (n). D value, B value, Tg, qt\* value, Mw/Mn and Fl of the copolymer rubber (F-2) are set forth in Table 8. 



Table 8 





Ref. Ex. 5 


Ref. Ex. 6 


Copolymer rubber 


F-1 


F-2 


a-Olefin 


1-octene 


1 -butene 


Ethylene/a-Olefin (by mol) 


83/17 


80/20 


Density (g/cm 3 ) 


0.861 


0.865 


MFR (g/10 min) 


0.4 


0.6 


(n) (dl/g) 


2.0 


1.7 


D value 


0.01 


0.01 


B value 


1.1 


1.0 


Tg (°C) 


-65 


-64 


gr\* value 


0.84 


0.82 


Mw/Mn 


2.2 


2.1 


Fl (sec 1 ) 


125 


175 


Remarks: 

(F-1), (F-2): long-chain branched copolymer rubber 
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Example 13 

[0487] 40 Parts by weight of pellets of the propylene/ethylene copolymer (E-1 ) and 60 parts by weight of pellets of 
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the ethylene/1 -octene random copolymer (F-1) were kneaded at 180 °C for 5 minutes in a nitrogen atmosphere by 
means of a Banbury mixer. The resulting kneadate was passed through rolls to give a sheet, and the sheet was cut by 
a shear cutter into square pellets. 

[0488] Then, 100 parts by weight of the square pellets, 0.3 part by weight of 2,5-di(t-butylperoxy)hexane and 0.4 
5 part by weight of divinylbenzene were mixed under stirring by means of a Henschel mixer, and the resulting mixture was 
extruded at 220 °C in a nitrogen atmosphere by means of a twin-screw extruder having UD of 30 and a screw diameter 
of 50 mm, to prepare pellets of a thermoplastic elastomer composition. 

[0469] From the pellets of the thermoplastic elastomer composition, a given specimen was prepared by means of 
an injection molding machine, and the properties of the specimen were measured by the methods previously described. 
w [0490] The results are set forth in table 9. 

Example 14 

[0491] Pellets of a thermoplastic elastomer composition were prepared in the same manner as in Example 13 
15 except that 60 parts by weight of the ethylene/1 -butene copolymer rubber (F-2) was used in place of the ethylene/1- 
octene copolymer rubber (F-1). 

[0492] From the pellets of the thermoplastic elastomer composition, a specimen was prepared in the same manner 
as in Example 13, and the properties of the specimen were measured by the methods previously described. 
[0493] The results are set forth in table 9. 

20 

Exgmple 15 

[0494] Pellets of a thermoplastic elastomer composition were prepared in the same manner as in Example 13 
except that 20 parts by weight of the pellets of the propylene/ethylene copolymer (E-1), 60 parts by weight of the pellets 
25 of the ethylene/1 -octene copolymer rubber (F-1) and 20 parts by weight of the ethylene/^ropylene/5-ethylidene-2-nor- 
bornene copolymer rubber (Q-1) were used. 

[0495] From the pellets of the thermoplastic elastomer composition, a specimen was prepared in the same manner 
as in Example 13, and the properties of the specimen were measured by the methods previously described. 
[0496] The results are set forth in table 9. 

30 

Example 16 

[0497] Pellets of a thermoplastic elastomer composition were prepared in the same manner as in Example 15 
except that 20 parts by weight of the butyl rubber (Q-2) was used in place of the ethylene/propylene/5-ethylidene-2-nor- 
35 bornene copolymer rubber (G-1 ). 

[0498] From the pellets of the thermoplastic elastomer composition, a specimen was prepared in the same manner 
as in Example 1 5. and the properties of the specimen were measured by the methods previously described. 
[0499] The results are set forth in table 9. 

40 Example 17 

[0500] Pellets of a thermoplastic elastomer composition were prepared in the same manner as in Example 13 
except that 1 7 parts by weight of the pellets of the propylene/ethylene copolymer (E-1), 50 parts by weight of the pellets 
of the ethylene/1 -octene copolymer rubber (F-1 ), 1 7 parts by weight of the butyl rubber (Q-2) and 1 6 parts by weight of 
45 the mineral oil type process oil (H-1) were used. 

[0501 ] From the pellets of the thermoplastic elastomer composition, a specimen was prepared in the same manner 
as in Example 13, and the properties of the specimen were measured by the methods previously described. 
[0502] The results are set forth in table 9. 

so Comparative Example 7 

[0503] Pellets of a thermoplastic elastomer composition were prepared in the same manner as in Example 13 
except that 60 parts by weight of the ethylene/propylene copolymer rubber (G-3) was used in place or the ethylene/1 - 
octene copolymer rubber (F-1). 
55 [0504] From the pellets of the thermoplastic elastomer composition, a specimen was prepared in the same manner 
as in Example 13, and the properties of the specimen were measured by the methods previously described. 
[0505] The results are set forth in table 9. 
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Comparative Example 8 

[0506] Pellets of a thermoplastic elastomer composition were prepared in the same manner as in Example 15 
except that 60 parts by weight of the ethylene^propylene copolymer rubber (Q-3) was used in place of the ethylene/1 - 
s octene copolymer rubber (F-1). 

[0507] From the pellets of the thermoplastic elastomer composition, a specimen was prepared in the same manner 
as in Example 15, and the properties of the specimen were measured by the methods previously described. 
[0508] The results are set forth in table 9. 

10 Comparative Example 9 

[0509] Pellets of a thermoplastic elastomer composition were prepared in the same manner as in Example 16 
except that 60 parts by weight of the ethylene/jaropylene copolymer rubber (G-3) was used in place of the ethylene/1- 
octene copolymer rubber (F-1). 
15 [051 0] From the pellets of the thermoplastic elastomer composition, a specimen was prepared in the same manner 
as in Example 16, and the properties of the specimen were measured by the methods previously described. 
[051 1 ] The results are set forth in table 9. 
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Comparative Example 10 

[0512] Pellets or a thermoplastic elastomer composition were prepared in the same manner as in Example 17 
except that 50 parts by weight of the ethylene/propylene copolymer rubber (G-3) was used in place of the ethylene/1 - 
octene copolymer rubber (F-1). 

[051 3] From the pellets of the thermoplastic elastomer composition, a specimen was prepared in the same manner 
as in Example 17, and the properties of the specimen were measured by the methods previously described. 
[051 4] The results are set forth in table 9. 
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Table 9 







Example 13 


Example 14 


Example 15 


Example 16 


Example 17 


5 


Crystalline polyolefin resin 














E-1 


40 


40 


20 


20 


17 




Ethytene/a-olef in copolymer 












10 


F-1 


60 


- 


60 


60 


50 




F-2 


- 


60 


— 


— 


— 




Olefin rubber 












75 


G-1 


- 


- 


20 




— 


G-2 


- 


- 


- 


20 


17 




G-3 


-- 


- 


- 


— 


— 




Softener 












20 


H-1 










16 




POX 


0.3 


0.3 


0.3 


0.3 


0.3 




DVB 


0.4 


0.4 


0.4 


0.4 


0.4 


25 


J IS Hardness 


91 


92 


73 


63 


60 


Tensile strength (MPa) 


15.3 


12.4 


7.2 


4.4 


4.2 




Tensile elongation (%) 


640 


520 


480 


420 


390 




Gel content (%) 


78 


80 


76 


73 


74 


30 




Comparative 
Example 7 


Comparative 
Example 8 


Comparative 
Example 9 


Comparative 
Example 10 






Crystalline polyolefin resin 














E-1 


40 


20 


20 


17 




35 


Ethylene/ct-olefin copolymer 














F-1 


-- 


- 


— 


— 






F-2 


- 


- 


-- 






40 


Olefin rubber 














G-1 




20 










G-2 






20 


17 






G-3 


60 


60 


60 


50 




45 


Softener 














H-1 








16 






POX 


0.3 


0.3 


0.3 


0.3 




50 


DVB 


0.4 


0.4 


0.4 


0.4 
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Table 9 (continued) 



J IS Hardness 


94 


78 


65 


61 




Tensile strength (MPa) 


6.9 


4.0 


2.8 


2.1 




Tensile elongation (%) 


290 


280 


220 


190 




Gel content (%) 


80 


75 


72 


73 




Note 1 : POX: 2,5-di-(t-butylperoxy)hexane DVB: divinylbenzene 

Nota2: The quantities of the components of the compostions are expressed by "part(s) by weight". 



Reference Example 7 

75 

Preparation of ethvlene/1 -octene c opolymer rubber Preparation of catalyst solution 

[0515] To a glass flask thoroughly purged with nitrogen, 0.5 mg of bis(1,3-dimethylcyclopentadienyl)zirconium 
dichloride was introduced. To the flask were added 1.57 ml of a toluene solution of methytaluminooxane (Al: 1.1 moi/l) 
20 and 2.76 ml of toluene to obtain a catalyst solution. 

Polym er i sa tion 

[0516] To a 2 liter stainless steel autoclave thoroughly purged with nitrogen. 600 ml of hexane and 400 mi of 1- 
25 octene were introduced, and the temperature of the system was elevated to 80 °C. Then, 1 mmol of triisobutylaluminum 
and 0.5 ml (0.001 mmol in terms of Zr) of the catalyst solution prepared above were injected into the autoclave together 
with ethylene to initiate polymerization. Thereafter, only ethylene was continuously fed to maintain the total pressure at 
4.0 kg/crrr^-G. and the polymerization was performed at 90 °C for 30 minutes. Then, a small amount of ethanoi was fed 
to the system to terminate the polymerization, and the unreacted ethylene was purged out. The reaction solution was 
30 introduced into a large excess of methanol to precipitate a polymer. The polymer was separated by filtration and dried 
overnight under reduced pressure, to obtain a linear ethylene/1 -octene copolymer rubber (F-3). 
[0517] The copolymer rubber (F-3) thus obtained had a molar ratio of the units derived from ethylene to the units 
derived from 1 -octene of 90/1 0 (ethylene/1 -octene), a density of 0.885 g/cm 3 , MFR of 3.5 g/1 0 min, an intrinsic viscosity 
[n], as measured in decalin at 135 °C, of 1 .5 dl/g, a glass transition temperature (Tg) of -58 °C. a crystaJlinity. as meas- 
35 ured by X-ray diffractometry, of 14 %, a mean molecular weight distribution (Mw/Mn), as measured by GPC, of 2.5, a D 
value of not more than 0.01 , a B value of 1 .03 and a grj* value of 1 .00. These properties are set forth in Table 10. 

Reference Example 8 

40 [0518] Polymerization was carried out in the same manner as in Reference Example 7 except that 1-butene was 
used in place of 1 -octene and the polymerization pressure and the polymerization temperature were varied to 20 
kg/crrr^-G and 1 10 °C. respectively, to obtain an ethylene/1 -butene copolymer rubber (F-4). 

[0519] The copolymer rubber (F-4) thus obtained had a molar ratio of the units derived from ethylene to the units 
derived from 1 -butene of 88/1 2 (ethylene/1 -butene), a density of 0.886 g/cm 3 , MFR of 3.5 g/1 0 min, an intrinsic viscosity 
45 (ti), as measured in decalin at 135 °C, of 1 .5 dl/g, a glass transition temperature (Tg) of -57 °C, a crystallinrty, as meas- 
ured by X-ray diffractometry, of 1 0 %, a mean molecular weight distribution (Mw/Mn), as measured by GPC, of 2.2, a D 
value or not more than 0.01 , a B value of 1 .02 and a gr|* value of 1 .00. These properties are set forth in Table 10. 



Table 10 





Ref. Ex, 7 


Ref. Ex. 8 


Copolymer rubber 


F-3 


F-4 


a-Olefin 


1 -octene 


1-butene 


Ethylene/a-Olef in (by mol) 


90/10 


88/12 


Density (g/cm 3 ) 


0.885 


0.886 
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Table 10 (continued) 





Rel Ex. 7 


Ret. Ex. 8 


MFR (g/10min) 


3.5 


3.5 


in) (di/g) 


1.5 


1.5 


D value 


£0.01 


£0.01 


B value 


1.03 


1.02 


Tg(°C) 


-58 


-57 


Crystallinity (%) 


14 


10 


gr\* value 


1.00 


1.00 


Mw/Mn 


2.5 


2.2 


Remarks: 

(F-3), (F-4): linear copolymer rubber 



Example 18 

20 

[0520] Pellets of a thermoplastic elastomer composition were prepared in the same manner as in Example 13 
except that 60 parts by weight of the ethylene/1 -octene copolymer rubber (F-3) prepared in Reference Example 7 was 
used in place of the ethylene/1 -octene copolymer rubber (F-1 ). 

[0521 ] From the pellets of the thermoplastic elastomer composition, a specimen was prepared in the same manner 
25 as in Example 1 3, and the properties of the specimen were measured by the methods previously described. 
[05221 The results are set forth in table 1 1 . 

Example 19 

30 [0523] Pellets of a thermoplastic elastomer composition were prepared in the same manner as in Example 13 
except that 60 parts by weight of the ethylene/1 -butene copolymer rubber (F-4) prepared in Reference Example 8 was 
used in place of the ethylene/1 -octene copolymer rubber (F-1 ). 

[0524] From the pellets of the thermoplastic elastomer composition, a specimen was prepared in the same manner 
as in Example 13, and the properties of the specimen were measured by the methods previously described. 
35 [0525] The results are set forth in table 1 1 . 
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Table 11 





Ex. 18 


Ex. 19 


Crystalline polyolefin 
resin 






E-1 


40 


40 


Ethylene/a-olefin copoly- 
mer 






F-3 


60 


— 


F-4 


— 


60 


Olefin rubber 






G-1 


... 


— 


G-2 


— 


— 


G-3 


— 


— 


Softener 






H-1 






POX 


0,3 


0.3 


DVB 


0.4 


0.4 


JIS A Hardness 


92 


94 


Tensile strength (MPa) 


16.4 


14.5 


Tensile elongation (%) 


610 


480 


Gel content (%) 


78 


79 


Remarks: 

POX: 2,5-di(t-buty!peraxy)hexane 
DVB: divinylbenzene 



[0526] The quantities of the components of the compositions are expressed by "part(s) by weight". 
Claims 

1 . An olefin thermoplastic elastomer composition comprising 1 0 to less than 60 parts by weight of a crystalline poly- 
olefin resin (A) and 90 to more than 40 parts by weight of an ethylene/a-olefin/nonconjugated polyene copolymer 
rubber (B) , the total amount of components (A) and (B) being 1 00 parts by weight, said rubber (B) being obtainable 
by random copolymerization of ethylene, an a-olef in having 3 to 20 carbon atoms and a nonconjugated polyene in 
the presence of a metailocene catalyst and having: 

(1) a molar ratio of (a) units derived from ethylene to (b) units derived from the a-olef in having 3 to 20 carbon 
atoms of 40:60 to 95:5 ((a):(b)); 

(2) an iodine value of 1 to 50; and 

(3) an intrinsic viscosity (n), as measured in decalin at 135°C, of 0.1 dl/g to 10 dl/g. 

2. A composition according to claim 1 , wherein the ethylene/a-olef in/nonconjugated polyene copolymer rubber (B) 
has: 

(4) a ratio (gii*) of the intrinsic viscosity fa) of the copolymer rubber (B) as determined in property (3) to the 
intrinsic viscosity (n)biank °f a linear ethylene/propylene copolymer having the same weight -average molecular 
weight (measured by a light scattering method) as the copolymer rubber (B) and having an ethylene content of 
70 % by mol, Ol)«fa)biank. of more than 0.95:1. 
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3. A composition according to claim 1 or 2, wherein the ethylene/a-olefin/nonconjugated polyene copolymer rubber 
(B) has: 

(5) an intensity ratio D of Tap to Taa in the 13 C-NMR spectrum, Tap:Taa, of not more than 0.5:1 ; 

(6) a B value, as determined by the 13 C-NMR spectrum and the following equation, of 1 .00 to 1 .50; 

B value «(P 0E )/(2-(P E )'(P 0 )) 

wherein (Pe) is the molar fraction of the units derived from ethylene (a) in the copolymer rubber (B), (P Q ) is the 
molar fraction of the units derived from the a-olef in (b) in the copolymer rubber (B), and (P 0 e) is the proportion 
of the number of the a-olef in/ethylene sequences to the number of ail the dyad sequences in the copolymer 
rubber (B);and 

(7) a glass transition temperature (Tg). as measured by DSC, of not higher than -50°C. 

4. A composition according to claim 1 , wherein the nonconjugated polyene contains only one carbon-to-carbon dou- 
ble bond polymerizable using the metallocene catalyst among the carbon-to-carbon double bonds in one molecule 
and wherein the ethylene/a-olefin/nonconjugated polyene copolymer rubber (B) has: 

(3) an intrinsic viscosity (r|), as measured in decalin at 135°C of 1 .0 dl/g to 10 dl/g; and 

(4) a ratio (gii*) as defined in claim 2 of 0.2:1 to 0.95:1 . 

5. A composition according to any one of claims 1 to 4, further comprising 2 to 100 parts by weight of a softener (C) 
and/or 2 to 50 parts by weight of an inorganic filler (D) based on 100 parts by weight of the total amount of the crys- 
talline polyolef in resin (A) and the ethylene/a-olef in/nonconjugated polyene copolymer rubber (B). 

6. A composition according to any one of claims 1 to 5, which is non-crosslinked. 

7. A composition according to any one of claims 1 to 5, which is partially or completely crosslinked. 

8. A process for producing a composition according to any one of claims 1 to 7, which process comprises the random 
copolymerization of ethylene, the a-olef in having 3 to 20 carbon atoms and the nonconjugated polyene in the pres- 
ence of a metallocene catalyst to form the ethylene/a-olef in/nonconjugated polyene copolymer rubber (B) f mixing 
said copolymer rubber (B) with the crystalline polyolefin resin (A) and then dynamically heat-treating the mixture. 

9. A partially or completely crosslinked olefin thermoplastic elastomer composition comprising 10 to 85 parts by 
weight of a crystalline polyolefin resin (E) and 15 to 90 parts by weight of an ethylene/a-olef in copolymer rubber 
(F), the total amount of components (E) and (F) being 1 00 parts by weight, said ethylene/a-olef in copolymer rubber 
(F) being obtainable by random copolymerization of ethylene and an a-olef in of 3 to 20 carbon atoms in the pres- 
ence of a metallocene catalyst and having: 

(1) a molar ratio of (a) units derived from ethylene to (b) units derived from the a-olefin having 3 to 20 carbon 
atoms of 55:45 to 98:2 ((a):(b)); 

(2) a density of 0.860 to 0.900 g/cm 3 ; 

(3) a melt flow rate (ASTM D 1238, 230°C, load of 2.16 kg) of 0.01 to 20 g/10 min; and 

(4) an intrinsic viscosity fa), as measured in decalin at 135°C, of 0.1 dl/g to 10 dl/g. 

10. A composition according to claim 9, wherein the ethylene/a-olef in copolymer rubber (F) has: 

(5) a ratio (gq*) of the intrinsic viscosity fa) of the copolymer rubber (F) as determined in property (4) to the 
intrinsic viscosity fa)biank of a lmear ethylene/propylene copolymer having the same weight-average molecular 
weight (measured by a light scattering method) as the copolymer rubber (F) and having an ethylene content of 
70 % by mol, faJ^Ti)^^. of more than 0.95:1. 

1 1 . A composition according to claim 9 or 10, wherein the ethylene/a-olef in copolymer rubber (F) has: 

(6) an intensity ratio D of Tap to Taa In the 13 C-NMR spectrum, Tap:Taa t of not more than 0.5:1 ; 

(7) a B value, as determined by the 13 C-NMR spectrum and the following equation, of 1 .00 to 1 .50; 



60 



. <EP 101 6689 A2J_> 



10 



EP1 016 689 A2 

B value = (P OE )/(2-(P E )-(P 0 )) 

wherein (Pg) is the molar fraction of the units derived from ethylene (a) in the copolymer rubber (F), (P Q ) is the 
molar fraction of the units derived from the a-olef in (b) in the copolymer rubber (F), and (Pqe) te the proportion 
of the number of the a-olef in/ethylene sequences to the number of all the dyad sequences in the copolymer 
rubber (F);and 

(8) a glass transition temperature (Tg), as measured by DSC, of not higher than -50°C. 
12. A composition according to claim 9. wherein the ethyl ene/a-olef in copolymer rubber (F) has: 
(5) a ratio (gr\*) as defined in claim 10 of 0.2:1 to 0.95:1 . 



1 3. A composition according to any one of claims 9 to 1 2, further comprising 1 to 40 parts by weight of an olefin rubber 
(G) and/or 1 to 40 parts by weight of a softener (H). the total amount of said components (E), (F), (G) and (H) being 
16 100 parts by weight, and the proportion of the total amount of components (E), (F) and (G) relative to the total 
amount of components (E), (F), (G) and (H) being 60 to 100 % by weight. 



14. A process for producing a composition according to any one of claims 9 to 13, which process comprises the ran- 
dom copolymerization of ethylene and the a-olefin having 3 to 20 carbon atoms in the presence of a metallocene 

20 catalyst to form ethylene/a-olefin copolymer rubber (F). mixing said copolymer rubber (F) with the crystalline poly- 
olefin resin (E) and the softener (H) and then dynamically heat-treating the mixture in the presence of a crosslinkng 
agent 

15. A molded article of a composition as defined in any one of claims 1 to 7 and 9 to 13. 
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